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INTRODUCTORY. 


THE  MEDICAL  DEPARTMENT  OF  THE  ROYAL  NAVY. 

^Lyr-(r\  rV-'A^^  *^^  Royal  Navy,  where  ser\'ice  in  times  of  peace  approxi- 
mates so  closely  to  the  conditions  in  war,  the  organization 
of  the  ^ledical  Department,  in  common  with  that  of  the 
/S"V^^J  *A^^iy  other  permanent  branches,  suffers  no  radical  change  when 
l^^SlS^^s-v^^l  hostilities  are  declared.  Such  re-arrangements  and  exten- 
sions as  oecnr  have  been  rehearsed  to  a  degree  sufficient 
to  test  all  the  machinery  required  for  a  rapid  mobilization  to  full  war  strength. 
Beyond  the  redistribution  of  a  limited  number  of  active  service  medical  ranks 
and  ratings,  the  admission  of  reservists,  temporary  service  auxiliaries,  and 
volunteers,  and  the  extension  of  hospital  accommodation,  there  is  no  disturb- 
ance of  existing  arrangements.  The  same  organization  which  augments  the 
personnel  for  the  grand  manoeuvres  of  peace  time  is  employed  on  occasions  of 
war.  The  Medical  Service  required  for  new  units  and  new  formations  arising 
during  the  progress  of  hostilities,  such  as  the  battalions  of  the  Royal  Naval 
Division  and  the  Armoured  Car  and  other  detachments  serving  ashore,  is  but 
an  extension  of  that  supplying  the  Royal  Marines  and  the  Royal  Naval  Air 
Service  which  is  permanently  under  Admiralty  control  ;  while  the  arrange- 
ments for  the  transport  of  wounded  are  but  expansions  of  the  system  of  collect- 
ing naval  invalids  and  hospital  cases  from  ports  and  fleets  by  hospital  ships, 
a  system  that  has  been  in  existence  for  many  years.  The  provision  of 
hospital  trains  for  the  distribution  of  woimded  to  the  naval  hospitals,  and  the 
appointment  of  medical  transport  officers  to  control  this  service,  is  practically 
the  only  part  of  the  programme  of  transport  that  has  not  been  rehearsed. 
This  easy  transition  from  peace  to  war  is  in  marked  contrast  to  the  violent 
dislocation  and  re-organization  which  of  necessity  attend  the  mobilization 
of  large  militars'  expeditionary  forces  and  the  creation  of  huge  armies  from 
raw  matefial.  In  the  Navy,  fortunately,  the  expansion,  great  as  it  is,  has 
not  proved  overwhelming.  The  many  hundreds  of  civil  entries — surgeons, 
nursing-sisters,  and  sick-berth  ratings— have  been  absorbed  into  its  system 
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without  upst'ttinj;  the  nudical  organization  or  diverting  the  regular  medical 
staff  frtHu  the  duties  for  wliich  they  have  been  specially  trained.  In  the  naval 
hospitals,  establishments,  hosjutal  shijis,  and  in  all  large  fighting  ships, 
administration,  resjwnsibility  for  the  care  and  attention  of  the  sick  and 
wounded,  together  with  the  greater  i)art  of  the  practical  work — surgical, 
medical,  liaeteriological,  etc. — remains  under  the  immediate  care  of  the  regular 
medical  oflicers.  Fortunately,  indeed :  because,  however  skilled  and  capable 
a  civilian  nmy  be.  it  takes  nuuiy  years  of  close  association  with  the  Navy  to 
acquire  that  intimate  knowledge  of  the  Service  and  to  develop  to  the  fullest 
value  those  qualities  required  to  mould  the  man  to  fill  his  part  in  that 
complex  machine  the  modern  battleship,  or  to  perfoim  with  efficiency  his 
share  of  the  administrative  work  of  a  naval  hosjiital. 

To  deal  adeqvuitely  Avith  the  surgical  organization  in  the  present  naval 
war  it  would  be  necessary  to  describe  the  normal  organization  in  more  detail 
than  space  permits.  It  must  suffice  to  limit  the  review  to  a  consideration  of 
certain  special  features,  and  to  the  focal  point  of  interest — the  naval  surgeon 
himself,  his  general  efficiency,  and  his  ability  to  apply  the  resources  of  modern 
surgery  to  the  benefit  of  the  wounded  sailor  at  the  time  of  injury  and  after. 

As  a  Health  OfTicer  of  the  Navy,  the  Surgeon—  to  give  him  his  official  title — 
has  stood  the  test.  Year  by  year  the  sick  rate  has  steadily  decreased.  In 
this,  the  third  year  of  war,  the  ratio  in  the  Grand  Fleet  is  but  little  more 
than  one  per  cent.  Many  factors  have  combined  to  produce  this  immunity 
from  sickness.  The  share  of  the  medical  officer  in  the  achievement  is  not 
to  be  overlooked.  One  is  tempted  to  dilate  upon  so  important  a  subject,  and 
to  contrast  the  present  with  past  occasions  of  war  which  have  kept  large  fleets 
in  being  ;  but  in  a  journal  devoted  to  surgery  matters  of  hygiene  are  of  sub- 
sidiary interest. 

The  Navy  is  proverbially  a  silent  Service.  The  reticence  of  the  medical 
branch  accounts,  perhaps,  for  the  ignorance  of  the  public  concerning  the  naval 
medical  oflicer,  his  duties,  his  opj)ortunities,  and  his  aspirations.  With  the 
exception  of  some  admirable  work  in  the  study  of  tropical  diseases,  he  is  rarely 
to  be  found  as  a  contributor  in  the  jiages  of  professional  literature.  Until 
the  birth  of  the  Journal  of  the  Royal  Naval  Medical  Service  some  two  years 
ago,  his  written  word  has  lain  buried  in  official  records  and  reports.  It  is  no 
exaggeration  to  say  that  in  the  popular  fancy  he  is  still  the  'cockpit '  surgeon  of 
Smolletfs  novels,  rough,  and  over-ready  to  probe  a  wound  or  amputate  a  limb. 
That  he  should  have  opportunities  for  practising  any  but  'cockpit'  surgery  is 
unimagined  by  the  general  public.  The  humour  of  Punch's  illustration  of  a 
sailor  mildly  expostulating  that  the  surgeon  has  dragged  him  roiuul  the  sick- 
bay with  the  dental  forceps  attached  to  his  tongue  instead  of  to  his  tooth, 
lies  in  the  indulgent  acceptance,  by  the  patient  and  the  public,  of  the  operator's 
limitations. 
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We  are  often  reminded  that  the  lay  medical  profession  is  not  more 
enlightened  than  the  general  public  concerning  the  Naval  Medical  Service. 
Of  some  six  himdred  and  fifty  yoimg  men  who,  at  their  countn's  call,  have 
joined  the  Navy  as  temporary  surgeons,  few  had  any  conception  of  the  nature 
of  the  Service  they  were  entering.  A  medical  oflicer  of  a  fighting-ship  was  to 
them  but  a  glorified  variant  of  the  '  qualified  surgeon  '  of  the  passenger  ship's 
advcrtistnu  iits.  Tlu  y  Iiarned  with  surprise  that  tlu  v  wire  not  to  be  drafted 
at  once  for  service  afloat.  They  foinid  themselves  appointed  temporarily  to 
one  of  several  huge  naval  hospitals — institutions  hitherto  imheard  of  by  them. 
They  were  to  learn  that  these  establishments  are  complete  in  every  up-to-date 
detail ;  that  in  the  several  departments,  medical,  surgical,  ir-ray,  bacterio- 
logical, venereal,  zymotic,  etc.,  the  work  is  carried  on,  and  for  years  has  been 
carried  on,  with  that  eager  aim  to  obtain  the  highest  eflficiency  which  is 
traditional  in  the  Nea  al  Service.  They  were  to  learn  that  these  departments 
are  staffed  and  administered  by  naval  surgeons  who,  with  the  exception  of 
those  of  the  higher  ranks,  are  taking  their  turn  at  hospital  work  after  a  recent 
term  of  service  afloat. 

Here,  in  these  self-contained  hospitals  naval  surgeons  perform  daily 
many  surgical  operations.  A  total  of  nearly  5000  operations^ — exclusive 
of  dental  operations  and  salvarsan  intravenous  injections — wtre  placed 
to  the  credit  of  the  naval  hospitals  during  the  last  year  of  peace,  and 
all  were  performed  by  naval  surgeons  who  had  acquired  their  operati\'e 
experience  and  skill  while  in  the  Service.  Since  the  beginning  of  the  war 
the  nimiber  of  operations  has  greatly  increased.*  The  surgical  work  has 
been  assisted  by  the  consultant  surgeons  who  have  supplemented  the  senior 
ranks,  and  by  temporary  surgeons  who  have  relieved  many  of  the  jimior 
operators. 

It  may  appear  surprising  that  in  peace  time  there  should  be  such  a  large 
amount  of  surgical  material  in  a  service  composed  of  picked  men,  the  majority 
in  the  prime  of  life.  It  is  to  be  noted  that  this  material  is  drawn  not  only 
from  the  Service  afloat,  but  also  from  the  large  naval  establishments  ashore, 
such  as  the  Royal  dockyards — where  many  thousands  of  workmen  are  employed 
in  shipbuilding,  etc, — from  training  schools,  and,  to  a  limited  extent,  from 


*  During  the  year  1916  over  9000  surgical  operations  (exclusive  of  dental  operations 
and  intravenous  injections)  have  been  performed  in  the  naval  hospitals  and  hospital  ships. 
Of  this  number  over  800  were  abdominal  cases,  including  627  cases  of  appendicitis 
and  55  of  gastric  or  intestinal  perforation.  Operations  for  the  relief  of  disabilities  were 
numerous.  Hernia  is  represented  by  1341  cases.  Less  common  operations  are  mastoid- 
ectomy (89  cases)  ;  operations  on  the  nose  and  eye  ;  on  the  kidneys,  bladder,  and  prostate  ; 
and  on  the  liver,  gall-bladder,  and  gall-ducts.  Many  cases  of  bone  plating  and  wiring 
are  recorded.  Spinal  analgesia  has  been  employed  on  several  occasions,  and  local  anaesthesia 
is  becoming  more  frequently  used  for  rib  resections,  varicose  veins,  etc. 
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ani«tii<;  lunsioncrs  and  oflficcrs  on  the  retired  list.  From  these  sources  a  wide 
surgical  practice  is  obtained  in  the  treatment  of  diseases  and  injuries  arising 
in  males  after  the  age  of  thirteen  years.  The  addition  to  the  X;i\y  of 
many  thousands  of  auxiliaries  of  a  lower  physical  standard  tlmn  ll»e 
active  service  ratings  has  extended  the  variety  of  diseases  coming  under 
surgical  treatment. 

It  has  been  the  aim  of  the  Administration  to  give  a  period  of  hospital 
ex|jerience  to  as  nuuiy  medical  officers  of  the  fleet  as  circimistances  permit. 
By  this  means  a  large  and  increasing  proportion  become  well  practised  in 
m<Kiern  methods,  and  not  a  fcAv  develop  surgical  skill  of  a  high  order.  Con- 
sequently, in  every  fleet  are  to  be  found  officers  thoroughly  capable  of  meeting 
all  surgical  requirements. 

The  growth  of  surgical  efficiency  in  the  Navy  has  been  very  marked  during 
the  past  twelve  or  fifteen  years.  Up  to  that  time  major  surgical  operations 
were  rarely  undertaken.  There  was  a  great  loss  to  the  Service  of  men 
invalided  for  such  disabilities  as  hernia,  varicose  veins,  etc.  Coincident  with 
the  more  general  employment  of  surgical  means  elsewhere,  the  spirit  of  surgical 
enterprise  arose  in  the  naval  hospitals.  It  did  not  originate,  as  might  be 
supposed,  from  the  influx  of  new  blood,  or  from  suggestions  by  the  Adminis- 
tration. It  arose  from  the  enterprise  of  a  few  pioneers,  men  of  several  years' 
seniority,  who,  developing  a  latent  ability,  with  courage  and  determination 
fought  down  prejudice,  and  laid  the  foundation  for  that  confidence  in  the 
surgical  work  of  our  hospitals  that  is  now  shown  by  all  ranks  of  the  Service. 
This  growth  of  efficiency  was  fostered  by  the  Administration.  The  hosjiitals 
were  provided  with  every  surgical  necessity.  Old  operating  rooms  were 
re-constructed  and  new  rooms  added,  ^-ray  departments  were  instituted. 
The  new  hospital  at  Chatham,  built  during  this  period,  was  furnished  with  the 
latest  surgical  apparatus.  Officers  were  selected  and  appointed  to  all  the 
large  hospitals  as  anasthetists  and  radiographers.  As  many  medical  officers 
as  arrangements  permitted  received  post-graduate  courses  at  recognized 
schools.  These  courses  included  special  instruction  in  operative  surgery. 
Selected  sick-berth  ratings  were  trained  as  operating-room  attendants.  No 
difficulty  was  found  in  obtaining  a  succession  of  senior  medical  officers  capable 
of  taking  up  the  surgical  work.  There  seems  to  be  no  doubt  that  a  close 
association  with  the  strenuous  activity  that  exists  in  the  fighting  branch  of 
the  Xavy  develops  the  qualities  of  handiness  and  adaptability.  In  such 
practical  subjects  as  surgery,  radiography,  and  bacteriology,  the  seasoned 
naval  medical  officer  quickly  becomes  efficient. 

While  the  practice  of  surgery  Avas  being  encouraged  in  the  hospitals  by 
the  provision  of  all  requirements,  the  surgical  equipment  of  the  ships  was 
greatly  improved.  Special  stations  for  the  treatment  of  wounded  during 
action    were   considered   in   the    design    of  the    vessels,   and   not   left   to   be 
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extemporized  as  had  been  the  custom.  These  stations  were  fitted  with  a 
supply  of  hot  and  cold  water,  special  ventilation,  lighting,  and  equipment 
generally.  Formerly  the  surgeon  had  to  provide  himself,  at  his  own  expense, 
with  a  regulation  set  of  surgical  instruments,  a  stcmach  pump,  splints,  and  a 
few  other  necessary  articles.  For  some  years  past  all  the  larger  ships  have 
been  supplied  by  the  Admiralty  with  a  liberal  outfit  of  instruments,  including 
microscopes,  and  sterilizing,  a-ray,  and  bacteriological  apparatus  ;  recently 
a  medical  library  of  reference  has  been  added.  These  stores  are  supplied  from 
the  naval  hospitals,  where  they  are  kept  ready  packed  to  be  issued  at 
a  moment's  notice. 

In  addition  to  being  hospitals  proper,  and  centres  for  distribution  of 
stores,  these  establishments  are  training-schools  for  the  sick-berth  ratings. 
In  peace  time,  courses  of  lectures  are  given  by  the  staff  to  medical  officers 
attached  to  or  in  the  vicinity  of  the  port.  For  over  thirty  years  the 
Royal  Naval  Hospital  at  Haslar  has  been  a  training  centre  for  newly  entered 
surgeons.  ^Vithin  recent  years  the  newly  entered  have  been  required  to  pass 
an  examination  at  the  end  of  a  period  of  probation  before  receiving  their 
commissions.  During  the  war  all  regular  courses  of  instruction  at  Haslar 
and  Greenwich  have  been  suspended. 

At  the  outbreak  of  hostilities,  fighting-ships  in  commission,  and  those 
newly  commissioned,  received  their  war  complement  of  medical  officers, 
sick-berth  ratings,  and  medical  stores.  The  hospitals  were  brought  up  to 
their  full  war  accommodation  and  staff,  and  the  pre-arranged  scheme  for 
overfloAv  to  the  subsidiaiy  naval  infirmaries  and  temporary'  hospitals  was 
put  into  force.  This  scheme  has  been  considerably  expanded,  especially  in 
Scotland,  to  meet  the  growing  necessities  of  the  fleet.  Hospital  ships  have 
been  eqisipped  and  staffed.  Private  yachts,  fitted  out  by  their  owners,  have 
been  taken  over  by  the  Admiralty  as  hospital  ships  for  the  transport 
of  the  sick  and  woiuided  over  short  distances.  A  great  deal  of  surgical 
work  has  been  undertaken  in  hospital  ships,  both  while  acting  as  mobile 
base  hospitals  to  the  fleets,  and  while  carr\'ing  naval  and  niilitary 
wounded.  A  share  of  this  operative  work  has  been  borne  by  temporary 
surgeons.  The  employment  of  hospital  ships  as  mobile  base  hospitals  enables 
the  fleet  to  use  suitable  bases  without  regard  to  considerations  as  to  the 
disposal  of  the  sick  and  wounded ;  and  as  these  bases  or  rendezvous  may  be 
a  considerable  distance  from  the  naval  establishments  ashore,  the  transport  of 
the  acutely  sick  and  wounded  is  reduced  to  a  minimimi.  During  the  military 
operations  in  the  Gallipoli  Peninsula,  naval  hospital  ships  in  the  Mediterranean 
were  employed  chiefly  in  receiving  the  wounded  direct  from  the  dressing 
stations  and  transporting  them  to  base  hospitals  in  Egypt,  Malta,  and  else- 
where. Although  the  number  of  casualties  coming  under  treatment  after 
naval  actions  afloat  have  been  comparatively  few,  the  naval  home  hospitals 
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have  hvvu  very  full  at  times,  since  acconinuulation  has  been  <viven  to  our 
own  and  Heljjian  military,  as  well  as  to  the  sick  and  wounded  from  the 
battalions  of  the  Naval  Division  fighting;  ashore.  In  addition  to  the 
arranjjements  made  for  overflow  to  subsidiary  hospitals  in  the  vicinity  of 
the  ix>rts,  ])rovision  was  made  for  the  reception  of  cases  in  some  of  the 
I^indon  hospitals. 

Afloat,  the  organization  for  the  inmiediate  treatment  of  the  wounded 
varies  with  the  class  of  fijjhting-ship.  In  all  ships  the  sick-berth  is  situated 
in  t(X)  exi>t)sed  a  position  to  be  used  during  action.  Two  main  stations  are 
selected,  one  forward  and  the  other  aft,  in  the  best  protected  and  most 
accessible  situations.  Here  the  woiuided  are  brought  by  collecting  stretcher- 
parties  during  pauses  in  the  fighting.  After  treatment  they  are  passed  on 
by  distributing  stretcher-parties  to  disposal  stations.  Many  of  the  cases 
receive  first-aid  treatment  at  the  hands  of  their  comrades  before  they  arrive 
at  the  receiving  stations,  for  in  all  turrets  and  isolated  positions  dressings, 
tourniquets,  etc.,  are  provided. 

The  exi)eriences  gained  in  the  present  war  haxe  proved  the  value  of  the 
instniction  in  first  aid  given  to  the  ship's  company  ;  this  is  especially  noted 
in  unamioured  ships,  where  it  is  practically  impossible  for  the  wounded  to 
be  collected  or  for  the  surgeon  to  reach  the  wounded  during  action.  In  the 
work  of  attending  the  injured  the  surgeons  and  staff  are  assisted  by  oflficers 
and  men  of  the  non-combatant  branches.  All  details  of  this  organization  are 
rehearsed  frequently  in  a  realistic  manner.  Of  the  many  forms  of  apparatus 
for  removing  wounded  from  difficult  places,  the  Neil-Robertson  stretcher  has 
proved  most  suitable. 

Before  going  into  action,  the  men  are  required  to  change  into  clean 
clothing  in  order  to  lessen  the  liability  to  septic  infection.  Sepsis  from  the 
presence  of  virulent  micro-organisms  rarely  occurs  afloat.  This  freedom 
has  permitted  the  complete  closure  of  severe  shell  wounds  to  be  made  after 
excision  of  damaged  tissues,  with  results  that  arc  most  encouraging.  The 
large  proportion  of  burns  on  uncovered  parts  of  the  body  have  called  for 
special  measures  for  the  protection  of  the  face  and  hands.  The  treatment 
of  bums   by  recent  and   improved  methods  is  receiving  careful  attention. 

Scientific  investigations  have  been  made  in  the  laboratories  of  the  hospitals 
as  to  the  relative  bactericidal  power  and  tissue  penetration  of  various  anti- 
septics ;  and  the  practical  value  of  the  Dakin  treatment  of  wounds  has  been 
the  subject  of  a  special  commission  of  experts.  In  this  experimental  work, 
as  w^ell  as  in  surgery,  medicine,  bacteriology,  and  anasthetics,  the  regular 
medical  f»fficers  have  received  the  greatest  assistance  from  consultants 
and  temjjorary  surgeons.  The  services  of  the  probationary  surgeons — i.e., 
advanced  students,  not  yet  qualified,  engaged  during  the  war — must  not 
pass  unnoticed.     These  young  men,  in  medical  charge  of  scouts,  destroyers, 


INTRODUCTOKY  7 

and   other   small  craft,   have  accepted  the  responsibilities  and  the  risks  of 
their  dangerous  employment  with  courage  and  devotion  to  duty. 

\Mien  peace  is  restored  and  stock  is  taken  of  our  professional  experiences, 
we  shall  realize  to  the  full  how  greatly  the  Naval  Medical  Service  has  benefited 
by  the  close  association  of  its  members  with  representatives  of  all  grades  of 
civilian  fellow-workers.  We  may  anticipate  with  confidence  that  not  the 
least  of  the  advantages  arising  from  this  comradeship  will  prove  to  be  a  more 
general  appreciation  of  the  wide  variety  of  practice,  the  certain  recognition 
of  merit,  and  the  many  opjjortunities  for  professional  advancement,  that  are 
offered  with  a  surgeons  commission  in  the  Royal  Navy. 

Arthur  W.  May. 
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JOHN    BANESTER. 

The  comnicniorativc  picture  which  shows  John  Banester  lecturing  on  anatomy 
gives  several  interesting  details  about  him.  There  is  in  the  first  place  the 
record  of  his  ajje.  48  in  the  year  1581.  He  was  born,  therefore,  in  1533. 
Secondly  his  armorial  bearings,  with  the  ajjpropriate  cadency  sign,  showing 
that  he  used  the  coat  armour*  of  the  Banisters  of  Cobham,  and  that  he  was  tlie 
second  son.  It  follows  that  he  was  the  second  son  of  John  Banister  of  Cob- 
ham,  who  was  one  of  the  Barons  of  the  Exchequer.  His  books  are  dated, 
however,  from  Nottingham,  where  he  lived  for  some  years.  He  had  relatives 
there,  for  the  Ciiamberlain's  accounts  for  the  year  1573  record  :  "  Item,  given 
the  same  day  j  July  17.  1573]  a  jwttell  of  wyne  and  halfe  a  lb  of  seugar  unto 
Maister  Banyster  the  Preacher."  He  may  also  have  had  a  connection  with 
the  Barbers'  Company,  for  a  John  Banister  appears  seventy-ninth  on  the 
list  of  members  of  this  Company  in  1537. 

The  first  fact  now  known  about  him  was  that  he  acted  as  Surgeon  to  the 
Forces  sent  to  relieve  HaAre  under  the  Earl  of  Warwick  in  1563.  Here  he 
probably  formed  a  life-long  friendship  with  William  Clowes,  who  speaks  of 
him  as  "  Master  John  Banester,  my  dear  and  loving  friend  " — a  friendship 
which  led  Clowes  to  introduce  each  of  Banester's  works  with  commendatory 
verses,  and  to  write  a  long  ejiitajjh  in  verse,  which  was  destroj^ed  when  St. 
Olave's,  Silver  Street,  was  burnt  in  the  Great  Fire  of  London. 

In  1572  Banister  was  admitted  a  member  of  the  Barber  Surgeons' 
Company,  and  there  is  a  note  still  extant  in  the  records  saying  tjiat  "  Mr. 
Banester  of  Nottingham  was  sworn  and  admitted  a  brother  of  this  mystery. 
Whereu|K)n  he  hath  granted  to  the  House  yearly  twenty  shillings  so  long  as 
he  liveth  and  to  be  liberal  and  commodious  to  this  house  in  that  he  may, 
and  will  yearly  send  a  buck  or  two  and  hath  paid  ten  shillings  and  shall  have 
his  letter  of  licence."  The  note  is  as  remarkable  as  it  is  unusual.  The  friend- 
ship of  Clowes,  or  Banister's  own  family  interest,  may  have  gained  him 
admission  to  the  ('ompany — for  it  is  evident  that  he  was  never  apprenticed — 
but  it  was  not  everyone  living  in  the  reign  of  Elizabeth  or  in  the  neighbour- 
h(K)d  of  ShcrAvood  Forest  who  could  promise  to  send  a  buck  or  two  yearly  so 
long  as  they  lived.     It  is  clear,  therefore,  that  he  had  considerable  influence. 

In  1573  the  University  of  Oxford  granted  him  a  licence  to  practise 
physic.  The  record  runs  :  "  Banister  John  after  seven  years  in  medicine 
supplicates  for  a  licence  to  practise  medicine  30th  June  1573."  He  thus  acted 
lK)th  as  a  physician  and  as  a  surgeon,  a  most  imusual  combination  at  a  time 
when  the  surgeons  were  still  held  in  thraldom  by  the  physicians. 


•  Antent,  a  cross  flcury  salile.  Crest :  a  peafock  sittin/^,  taking  in  its  beak  a  serpent  twined 
proper  round  its  neck,  all  proper. 
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In  1581  he  lectured  at  the  Barber  Surgeons'  Hall  in  Monkwell  Street, 
his  predecessor  being  Thomas  Hall,  the  son  of  John  Hall  of  Maidstone, 
Avho  was  appointed  in  1577.  In  1585  he  served  on  board  ship  during  the  Earl 
of  Leicester's  expedition  to  the  Low  Countries,  and  on  February  15,  1593-4 
he  was  licensed  to  practise  medicine  by  the  Royal  College  of  Physicians  of 
London,  in  obedience  to  a  letter  signed  by  Elizabeth,  "  given  under  our  signet 
at  our  manor  of  Otelands,  the  xxviiith  day  of  July  in  the  xxxvth  year  of  our 
reigne."  The  reason  assigned  by  the  Queen  for  desiring  this  favour  was  that 
"  he  desircth  to  end  his  old  yeares  in  quietness,  as  I  trust  he  shall  do  unless 
he  happened  to  be  molested  by  any  of  your  College."  The  College  dared  not 
disobey  the  request,  repugnant  as  it  must  have  been,  since  Banester  was  a 
surgeon.  They  granted  it,  but  added  the  condition  that  "  in  omni  graviori 
niorbo  et  pleno  periculi  luumi  aliquem  ex  Societatc  Collegii  ut  adjutorem  sibi 
in  ilia  curatione  accersat  et  adjiuigat  (in  every  serious  and  dangerous  case 
he  must  call  in  some  one  else  belonging  to  the  College).  In  1578  he  was  living 
at  Nottingham  ;  in  1585  he  had  moved  to  London,  and  lived  in  Silver  Street, 
where  he  died  in  1610;  he  was  buried  in  St.  Olave's  Church  in  the  same  street. 

Banester  wrote  :  (i).  A  iieedefull,  nezv  and  necessarie  treatise  of  Chirur- 
gerie,  briefly  comprehending  the  general  and  particular  curation  of  Ulcers 
taken  joorth  oj  sundrie  worthy  icryters,  hut  especially  of  Antonius  Calmetus 
Vergesatus  and  Joannes  Tagaltius.  Imprinted  at  London  by  Thomas  Marshe, 
Anno  1575.  The  work  is  a  duodecimo,  dedicated  to  "the  Right  Worshipfull 
maister  Thomas  Stanhope  Esquire  and  high  sherife  of  Nottinghamshire  this 
present  ycare  of  cure  Lorde  1575."  FoUowmg  the  epistle  dedicator^'  are 
twenty-five  stanzas  of  verse  by  the  author  in  praise  of  "  Physicke  and  Chyrur- 
gerie,"  which  is  again  followed  by  an  epistle  dedicator}'  to  "  the  Worshipfull 
Maister,  Wardens  and  generall  assistaimtes  of  the  fraternity  of  Chyrurgians 
in  London,"  and  dated  from  "  my  house  in  Nottingham  the  vi  of  June  1575." 
The  consideration  of  the  degraded  state  of  surgery-  again  moves  him  to  verse, 
and  he  apostrophizes  "  evil  and  counterfeit  dealers  in  the  art  of  Physic  and 
Chirurgerie."  This  apostrophe  is  followed  by  commendatory  verses  by  Richard 
Smith  and  William  Clowes,  George  Baker,  and  others,  who  as  surgeons  write 
in  praise  of  the  author.  The  book  itself  is  of  no  interest.  It  is  a  mere  dull 
compilation,  without  the  illustrative  cases  which  enliven  the  pages  of  Clowes 
and  Gale, 

(ii).  In  1578  Banester  issued  in  folio  The  Historic  of  Man  sucked  from  the 
sappe  of  the  most  approved  Anathomistes,  in  this  present  age  compiled  in  most 
compendious  fourme  and  noxv  published  in  English  for  the  utilitie  of  all  godly 
chirurgians  icithin  this  Realme.  It  was  printed  by  John  Day.  The  plates 
are  copied  from  Vesalius.  They  have  been  re-drawn,  reduced  in  size,  and  the 
backgrounds  altered.  As  an  anatomist  Banester  prefers  Columbus,  a  point 
which  he  has  had  emphasized  in  his  picture,  where  he  chose  to  be  represented 
in  the  act  of  lecturing  from  a  passage  in  this  author.  The  introductory  verses 
are  again  by  Clowes.     The  book  itself  is  without  interest. 

(iii).  A  Compendious  Chyrnrgie  gathered  and  translated  especially  out 
of  Wecker  at  the  request  of  cetiaine  .  .  .  published  for  the  benefit  of  all 
his  countreymen  by  lohn  Banister  Master  in  Chyrurgerie,  The  book  is  a 
duodecimo  "  Imprinted  by  Jon  Windet  for  T.  Man  and  W.  Brome."     It  is 
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datwl  "  the  xxvii  of  October  from  mine  house  in  Silver  Street."  In  moving 
to  London  it  nwiy  be  noted  tliat  the  author  had  changed  the  spelUng  of 
his  name  from  Haiu-ster  to  Han/ster.  The  book,  hke  the  other  two,  is 
uninteresting,  except  for  a  short  series  of  four-hne  stanzas  addressed  respec- 
tively to  the  Reader,  the  Printer,  and  the  Translator.  The  verse  "to  The 
Printer  "   mixy  be  given  as  an  example  : — 

Haste  to  the  presse,  feare  not  the  sale, 

good  wine  (loth  neede  no  signe  ; 
The  Surgeons  craue  this  worke  to  haue  ; 

the  gaine  it  will  be  thine. 

.\  collected  edition  of  IJanister's  works  was  published  in  163.3  in  six 
l>ooks  as  a  small  (piarto.  The  dedications  and  the  text  are  left  ;  but  the 
|)oetry,  having  no  doubt  served  its  generation,  has  fallen  on  sleep. 

It  appears  after  reading  Banister's  books  that  he  was  never  a  surgeon 
in  the  sense  that  Clowes,  Gale,  and  Barrough  were  surgeons.  He  occupied 
the  jK)sition  of  a  professor  of  surgery,  and  was  the  exponent  of  other  men's 
views.  He  was  a  teacher  rather  than  a  practitioner  of  his  art.  As  such, 
he  would  have  no  claim  to  notice  in  a  journal  of  surgery  ;  but  he  holds 
a  definite  place  in  the  history  of  English  surgery,  because  it  is  clear  from 
his  prefaces  that  he  was  heart  and  soul  with  those  who,  like  Clowes  and  Gale 
in  London,  and  Hall  and  Read  in  the  provinces,  made  a  determined  attempt, 
during  the  reign  of  Elizabeth,  to  raise  surgery  from  a  trade  to  a  profession. 
The  attempt  was  made  in  several  directions,  partly  by  improving  the  exam- 
ination for  surgeons,  partly  by  emancipating  surgery  from  medicine,  partly 
by  demonstrating  the  ignorance  of  the  quacks  who  then  flourished  so  luxuri- 
antly. But  the  time  had  not  yet  come,  and  their  efforts  ended  in  failure.  The 
surgeons  still  remained  subordinate  to  the  physicians  ;  the  examination  for 
admission  to  the  Barber  Surgeons'  Comjjany  was  nullified  owing  to  the  recom- 
mendations of  unsuitable  persons  by  powerful  patrons,  and  the  quacks  continued 
to  multiply  in  numbers  and  in  influence.  Banister  either  by  his  personality 
or  by  his  influence  held  a  higher  social  position  than  the  other  reformers.  He 
alone  was  admitted  to  the  College  of  Physicians,  and  he  alone  was  granted  a 
licence  to  practise  by  the  University  of  Oxford.  Yet  his  heart  throughout 
was  with  Clowes  and  "  The  worshipfull  the  Maister  Wardens  and  generall 
assistaimtes  of  the  fraternitie  of  Chyrurgians  in  London  to  whom  John 
Banister  (a  member  of  the  same)  wisheth  to  them  all,  the  true  direction  in 
the  perfect  way  of  knowledge  to  this  misterious  science  according  to  their 
profession."  He  seems  in  fact  to  have  lent  to  the  movement  the  same  sort 
of  prestige  that  Pusey  lent  to  the  Tractarian  movement.  Like  Hall,  Clowes, 
and  Gale,  he  hated  quacks  heartily,  and  addressed  thcjii  in  no  measured 
language  in  the  preface  to  his  Anatomy  :  "  As  for  you,  O  ye  chaff  of  the  earth, 
ye  stinge  of  the  Godly,  ye  impes  of  Hell  and  children  of  wrath,  yon  (I  say)  that 
under  the  pretence  of  the  sacred  arte  of  medicine,  devoure  the  sheepe  of  God's 
pasture,  flea  the  labourers  in  his  harvest  and  denye  your  Lord  the  fruits  of  the 
vineyard,  since  no  warninges  may  admonish  you,  no  exhortation  amende  you, 
no  lawes  bridle  you,  no  punishements  turne  you,  nor  any  feare  of  God  sinke 
into  youre   brestes,   I,   from   the  dejith  of  my  hart  renounce  you,   hopying 
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assuredly  that  from  none  of  the  flowers  of  this  Garden  any  of  you  shall 
take  opportunity  to  sucke  that,  which  may  maintaine  the  infection  of  your 
pestilent  wretchedness  hereafter,"  Indeed  he  gave  his  daughter  Cicely  in 
marriage  to  John  Read,  one  of  the  foremost  of  the  reformers,  whose  early 
death  must  have  been  a  severe  blow  to  the  cause. 

Clowes's  epitaph,  even  allowing  for  exaggeration,  seems  to  show  Banister 
as  a  generous  and  himiane  practitioner  : — 

Thy  Skill  and  Practice,  that  itself  commends 

Some  of  the  best  have  truly  found  the  same 
Not  partially  employed  to  wealthy  Friends, 
But  even  the  poorest  Wretch,  the  Sick  and  Lame 
Felt  of  the  best  :  some  Difference  there  might  be. 

The  Rich  paid  somewhat,  poore  Men  had  it  free. 
The  Weekly  Charity  given  to  the  Poore 

In  Bread  beside,  in  Money  from  thy  Purse, 
Even  in  the  hardest  yeares  dealt  at  the  Doore. 
Poore  maymed  Souldiers,  sore  sick-hearted  Men 

That  under  Miseries  hard  Crouch  did  bow. 
Were  freely  cured,  methinkes  they  crj%  Lord,  when. 

Where  shall  we  find  our  good  Physician  now  ? 

The  original  of  the  picture  which  is  here  reproduced  is  in  a  volume  of 
'  Master  John  Banister's  Anatomical  Tables,"  in  folio,  which  is  in  the  Hunterian 
Library  at  Glasgow.  The  picture  is  double  page,  mounted  on  guards,  and 
backed  with  modern  white  paper.  It  represents  John  Banister  delivering 
the  "  visceral  lecture "  in  the  Barber  Surgeons'  Hall  at  Monkwell  Street. 
The  carefully  painted  figure  in  the  Master's  hat  and  the  furred  gown  is 
probably  the  Master  of  the  Company  for  the  year  1581.  If  so,  he  is  Robert 
Mudesley,  to  whom  Thomas  Vicarv*  bequeathed  "  my  best  single  gowne  faced 
with  black  satten."  He  is  also  mentioned  in  the  1569  grant  of  arms  as  one 
of  those  governors  of  the  Barber  Surgeons'  Company  who  petitioned  for  some 
permanent  mark  in  their  armorial  bearings*  to  commemorate  the  union  of 
the  Barbers  and  Surgeons.  The  grant  by  letters  patent  took  the  form  of 
"an  augmentation  in  chief  to  their  old  and  ainicient  arms  with  heaulme  and 
crest  to  the  same."  It  was  perhaps  for  this  reason  tliat  the  painter  has 
introduced  the  new  coat  of  arms  into  the  picture,  containing  a  lion  of 
England  and  two  crowned  Tudor  roses. 

The  two  senior  stewards  of  anatomy  are  distinguished  by  their  badges. 
It  was  enacted  in  1555  that  there  should  be  chosen  every  year  two  "  for  the 
Anathomye  and  other  two  also  to  be  chosen  for  to  be  stewards  ;  so  that  two 
always  shall  stande  for  ij   yeres  because  they  that  doo  not   worke  of  the 

*  The  arms  of  the  Barber  Surgeons  are  those  granted  to  the  United  Company  by  Sir 
Gilbert  Dethick,  Garter  King  at  Arms,  in  1569.  They  are  :  "  Quarterly  the  first  sables  a 
cheveron  betweene  three  Flewmes  argent  ;  the  seconde  quarter  per  pale  argent  (and  vert  on 
a  spatter  of  the  first,  a  double  Rose  gides  and  argent  cro^Tied  golde  ;  the  third  quarter  as  the 
seconde  and  the  fourth  as  the  first.  Over  all  on  a  Crosse  gules  a  lyon  passant  gardant  golde  ; 
And  to  their  Creaste  upon  the  heaulme  on  a  Torce  argent  and  sables  an  Opinacus  golde  ; 
Mantelled  gules  doubled  argent  ;  Supported  with  two  Linxe  in  their  proper  coulor  about 
their  neckes  a  crowne  with  a  chaj-ne  argent  pendent  therat."  The  motto  "  De  praescientia 
Dei,"  which  is  still  used  by  the  Company  of  Barbers,  now  first  appeared  in  the  armorial 
bearings  of  the  Barber  Surgeons. 
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Anatomy  the  one  yore  bein<{  Stewards  lor  tlie  provysyon  of  victualls  they 
shall  worke  the  other  yere  followintif.  And  they  that  shalbe  chosen  shalbe 
alwayes  for  the  lirst  yere  Stewards,  beeaiise  that  they  shall  see  the  makynge 
of  them  the  yere  i)efore  that  they  may  be  the  more  practysed  in  the  doynge 
tlie  next  yere  the  sayed  Anathomye  that  after  it  maye  appeare  by  the  work- 
manship that  they  be  the  dooers.  Yf  the  Master  and  governors  do  goo  about 
to  breake  the  same  acte  they  shall  lose  for  a  fyne  to  the  hall  xls." 

The  class  consists  of  the  members  of  the  Barber  Surgeons'  Company,  who 
were  obliged  to  attend  the  lectures  under  j)enalty  of  a  fine. 

The  picture  is  interesting  from  many  points  of  view,  and  first  historically. 
It  represents  almost  with  the  accuracy  of  a  photograph  the  method  of  con- 
ducting anatomical  teaching  in  London  at  the  end  of  the  sixteenth  century, 
and.  so  far  as  is  known,  it  is  the  only  illustration  of  the  lectures  given  at  the 
Barber  Surgeons'  Hall.  It  furnishes  additional  facts  about  John  Banister. 
It  is  clear  that  he  was  the  Company's  visceral  lecturer  in  1581,  which  w^as  not 
previously  known.  The  minute  accuracy  of  the  picture  is  shown  by  the  vadc 
mecum  which  is  used  as  the  text  of  the  lecture,  and  it  Vv'ill  be  noticed  that  the 
skeleton  is  supported  and  crowned  with  the  colours  of  the  liarbers'  Company, 
and  a  wreath  of  the  same  surmounts  the  helmet  in  Banister's  arms.  The 
lx)ok  on  the  reading  desk  is  "  Realdus  Columbus,"  and  from  its  size  it  might 
be  the  folio  edition  printed  at  Venice  in  1559.  Reference  shows,  however, 
that  the  jiassage  in  this  edition  is  on  folios  227  and  228.  The  picture  gives 
the  pages  419  and  420.  An  octavo  edition  was  published  at  Paris  in  1572, 
and  in  Chajjtcr  5  of  Book  xi  the  latter  part  of  the  passage  quoted  is  found, 
just  as  the  painter  saw  it,  on  pages  419  and  420.  The  minute  detail  is  also 
shown  in  the  drawing  of  the  scissors,  the  different  shapes  of  the  dissecting 
knives,  the  double-headed  retractor  held  by  the  steward  of  the  anatomies, 
and  by  the  Company's  badges  worn  by  the  lecturer  and  stewards.  Of  the 
drawing  from  the  artistic  point  of  view  it  is  less  easy  to  speak.  The  two 
main  figures  of  John  Banister  and  the  Master  of  the  Company  seem  to  be 
careful  studies  from  life  ;  the  stewards  and  the  audience  are  less  carefully 
drawn.  The  body  seems  to  have  been  drawn  from  the  actual  subject,  who 
has  a  shrunken  right  leg — perhaps  the  result  of  old  infantile  paralysis — for 
the  right  foot  is  in  a  valgus  position.  The  lecture  is  given  on  the  passage  : 
*'  Intestina  igitur  a  ventriculo  exoriuntur,  cademq'  ;  pene  substantia 
videntur  ;  licet  ali(iuantulum  tenuiore.  Situs  eorum  est  ab  inferiori  ventriculi 
orificio  ad  anum  usque,  abdominisq'  ;  majorem  partem  occupant.  Vcteres 
Anatomici  intestina  in  sex  partes  distinxere,  distinctisque  singulas  nominibus 
appellauere.  Ego  vero  si  post  tot  seculorum  recepta  vocabula  noui  aliquid 
in  medium  proferre  fas  essct,  intestina  duo  esse  dicerem,  quorum  alterum 
t<-mie  est,  erassuni  alterum.  Sed  ut  aliorum  vestigia  sequamur ;  (neque 
enim  tcniere  a  veterum  placitis  disccdendum  est),  sex  esse  dicemus  intestina, 
duodemim,  inquam,  jejunum,  ileon,  coecum,  colon,  rectumquc." 

Throughout  the  Middle  Ages  the  surgeons  of  London  were  taught  system- 
atically and  practically.  The  Barber  Surgeons'  Company,  from  its  formation 
II  15K>.  organized  a  regular  staff  for  the  purpose,  consisting  of  a  Lecturer, 
who  was  sometimes  a  member  of  the  Company  but  was  more  often  a  yoimg 
physician  fresh  from  Oxford  or  Cambridge,  of  four  assistants,  sometimes  called 
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'Masters'  and  sometimes  'Stewards'  ol'  the  Anatomies,  and  an  audience  con- 
sisting of  the  members  of  the  Company.  The  subjects  were  obtained  from 
the  place  of  execution,  and  were  four  malefactors  yearly.  The  lectures  were 
three  in  number,  the  'osteological,'  the  'visceral,'  and  the  'muscular,'  and 
great  care  was  taken  that  they  should  be  conducted  decently  and  in  order. 
I'hc}'  were  public,  or  at  least  so  public  that  any  person  could  attend  upon  the 
introduction  of  a  member  of  the  Company,  and  they  ended  with  a  dinner, 
which  was  one  of  the  most  important  annual  fimctions  of  the  corporation. 
The  following  extracts  will  give  an  idea  of  the  conduct  of  the   business  : — 

"  The  body  having  been  brought  to  the  Hall,"  it  is  ordered  in  1567, 
"there  shal  be  jiyllars  and  rods  of  iron  made  to  beare  and  drawe  Courtaynes 
upon  and  aboute  the  frame  where  within  the  Anathomy  doth  lye,  and  is 
wrought  upon,  for  bycause  that  no  person  or  persons  shall  beholde  the 
dissections  of  the  body,  but  that  all  may  be  made  cleane  and  covered  with 
fayer  clothes  untyll  the  doctor  shall  come  and  take  his  place  to  read  and 
declare  upon  the  parts  desected.  And  also  yet  fordermore  that  there  shal 
be  a  case  of  weynscot  made  with  paynter's  worke  upon  it,  as  seemly  as  may 
be  done  for  the  skelleton  to  stand  in." 

Care  was  taken  not  only  in  choosing  the  lecturer,  but  his  material  com- 
fort was  provided  for.  It  was  enacted  in  1555  that  the  stewards  "  which  be 
appointed  for  the  Anathomye  for  the  year  next  following  must  sarve  the 
Doctor  and  be  about  the  body.  They  should  see  and  provide  that  there  be 
every  yere  a  matte  about  the  harthe  in  the  hall  that  Mr.  Doctor  [be]  made 
not  to  take  colde  upon  his  feete,  nor  other  gentlemen  that  doo  come  and  marke 
the  Anatomye  to  learne  knowledge.  And  further,  that  there  be  ij  fyne  white 
rodds  appointed  for  the  Doctor  to  touche  the  bodye  when  it  shall  please  him, 
and  a  waxe  candell  to  loke  into  the  bodye,  and  that  there  shall  be  alwayes 
for  the  Doctor  two  aprons  to  be  from  the  shoulder  downwarde  ;  and  two  payre 
of  Sleaves  for  his  hole  Arme  with  tapes  for  chaunge  for  the  sayed  Doctor, 
and  not  occupye  one  Ajirone  and  one  payr  of  Sleaves  every  day,  which  ys 
unseemly.  And  the  Masters  of  the  Anathomye  that  be  about  the  bodye  to 
have  lyke  aprones  and  sleaves  every  daye  both  white  and  cleane,  yf  that  the 
Masters  of  the  Anathomye  that  be  about  the  Doctor  do  not  see  these  thinges 
ordered  and  that  their  knyfes,  probes  and  other  instruments  be  fayer  and 
cleane  accordingly  with  Aprones  and  Sieves,  if  they  doo  lacke  any  of  the  said 
things  afore  rehersed  he  shall  forfayte  for  a  fyne  to  the  hall  xls." 

It  is  to  be  remembered,  too,  that  if  fines  were  not  paid,  the  Company 
had  the  power  of  summary  committal  to  the  Compter  or  even  to  Newgate. 

The  attendance  at  the  lectures  was  compulsor}\  The  ordinance  of  1572 
enacts  that  "  every  man  of  the  company  usinge  the  mystery  or  faculte  of 
surgery,  be  he  freman,  fforeyne,  or  alian  straunger  shall  come  imto  the 
Anathomye,  being  by  the  Beadle  warned  thereunto.  And  for  not  keepinge 
their  houre  both  in  the  forenoone  and  also  in  the  afternoone,  and  being  a 
freman  shall  forfayt  and  paye  at  euery  tyme  iiijd.  The  fforeyn  in  like 
manner  and  the  Straunger  euerye  tyme  vjd.  The  said  fynes  and  forfaytes 
to  be  employed  unto  the  Anathomysts  for  the  tyme  beynge,  towards  theire 
charges  within  the  tyme  of  the  sayd  Anathom^^e.  And  also  for  not  comyng 
in  all  the  tyme  of  the  Anathomye  (having  lawful  occasion  of  absence)  the 
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FrtTHian  shall  pay  vjd.,  tin-  fforn  yjjne  vijd.,  and  the  Straunger  xijd.  And 
to  Ik*  rniplovfd  in  manner  and  fourme  aforesaid.  And  also  iijs  and  iiijd.  to 
the  Masters  and  (Jouernoures  of  the  said  Mystery  for  their  summons  brakinge 
notwithstandinj;.  Provided  also  that  tliey  eome  well  and  decently  appareyled 
for  their  own  honestye,  and  also  for  the  Avorshippe  of  the  companye." 

The  following  directions,  which  were  evidently  given  by  an  old  clerk  of 
the  Conjpany  to  his  successor  new  to  the  office,  show  how  the  business  of  a 
lecture  was  conducted.  They  are  headed  :  "  Form  of  the  business  at  the 
time  of  a  Public  Demonstration  of  Anatomy." 

"  So  soon  as  the  l)ody  is  brought  in  deliver  out  your  ticketts,  which  must 
first  be  filled  up  as  followeth — 4  sorts  :  The  first  fforme  to  the  Surgeons  who 
have  served  the  ollice  of  Master  you  must  say,  Be  pleased  to  attend,  etc.,  with 
which  sunmions  you  send  another  for  the  demonstrations  ;  to  those  below 
the  Chaire  you  say.  Our  Masters  desire  your  Company  in  your  gown  and  Flatt 
Cap,  &c..  with  the  like  notice  for  the  Demonstrations  as  you  send  the  Antient 
Master  Surgeons.  To  the  IJarbers,  if  Ancient  Masters,  you  say.  Be  pleased 
to  attend  in  yoiir  Gound  only  ;  and  if  V>elowe  the  Chaire  then.  Our  Masters 
desire,  etc..  as  to  the  others  above  without  the  Tickett  for  the  Demonstrations. 

"The  body  being  b}^  the  Masters  of  Anatomy  prepared  for  the  lecture 
(the  lieadles  having  first  given  the  Doctor  notice  who  is  to  read,  and  taken 
orders  from  the  Master  or  Upper  Warden  of  the  Surgeons'  side  concerning 
the  same),  you  meet  the  whole  Court  of  Assistance  in  the  Hall  Parlour,  where 
every  gentleman  clothes  himself,  and  then  you  ])roceed  in  form  to  the 
Theatre  (vizt),  the  Beadles  going  first,  next  the  Clerk,  then  the  Doctor,  after 
him  the  scverall  gentlemen  of  the  Court.  And  having  come  therein,  the  Doctor 
and  the  rest  of  the  Company  being  seated,  the  Clerk  walks  vip  to  the  Doctor 
and  presents  him  with  a  wand  and  retires  without  the  body  of  the  Court  until 
the  lecture  is  o\er,  when  he  then  goes  to  the  Doctor  and  takes  the  wand  from 
him  with  directions  when  to  give  notice  for  the  reading  in  the  afternoon, 
which  is  usually  at  five  precisely,  and  at  One  of  the  clock  at  noon,  which  he 
pronounces  with  a  distinct  and  laudable  voice  by  saying:  'This  Lecture, 
Gentlemen,  will  be  continued  at  Five  of  the  clock  precisely'  :  having  so  said, 
he  walks  out  before  the  Doctor,  the  rest  of  the  Company  following  down  [to] 
the  Hall  Parlour,  where  they  all  dine,  the  Doctor  pulling  off  his  own  robes  and 
putting  on  the  Clerk's  gownd  first — which  has  been  usuall  for  him  to  dine  in — 
and  after  being  plentifully  regaled,  they  proceed  as  before  untill  the  end  of 
the  third  day,  which  being  over  (the  Clerk  having  first  given  notice  in  the 
fforenoon  that  the  lecture  will  be. continued  at  Five  of  the  clock  precisely,  at 
which  time  the  same  will  be  ended),  he  attends  the  Doctour  in  the  Cloathing 
R<x>ni,  where  he  presents  him,  folded  up  in  a  piece  of  paper,  the  sum  of 
10  li. :();().  and  where  afterwards  he  waites  on  the  Masters  of  Anatomy  and 
presents  each  of  them  in  like  manner  with  the  sum  of  3  li.;0;0,  which 
concludes  the  duty  of  the  Clerk  on  this  account. 

"  \.B. — The  Demonstrator,  by  order  of  the  Court  of  Assistants,  is  allowed 
to  read  to  his  pupills  after  the  Publick  Lecture  is  over  for  three  days  and  untill 
Six  of  the  clock  on  each  day,  and  no  longer,  after  which  the  remains  of  the 
txxly  is  decently  interred  at  the  exjjensc  of  the  Masters  of  Anatomy,  which 
usually  amounts  unto  the  sum  of  3;7:5." 
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A    STUDY    OF    THE    INTER-RELATION    BETWEEN    THE 
RADIOGRAPHY   AND    SURGERY    OF    GUNSHOT    WOUNDS    OF 

THE    HEAD. 

Bv  Captain   H.  E.  GA^LLEX,  R.A.M.C.  and  Captain  S.  SMITH,  RA.M.C. 

At  this  General  Hospital  we  have  a  record  of  at  least  1500  radiographs 
of  gunshot  wounds  of  the  head  taken  during  the  past  eighteen  months,  a 
large  proix)rtion  of  them  invohnng  the  skull  and  underlying  brain.  Thus  we 
can  lay  claim  to  a  considerable  experience  in  the  taking  and  interpretation 
of  such  radiographs. 

Apart  from  the  clinical  picture,  the  factors  which  influence  us  when  the 
question  of  operative  interference  comes  to  be  discussed  are:  (1)  The  local 
condition  of  the  wound  ;  (2)  The  x-ray  appearance.  In  deciding  upon  the 
value  of  the  second  factor,  it  is  important  that  the  surgeon  and  the  radio- 
grapher should  work  in  harmony,  each  surgeon  examining  the  radiographs  of 
his  own  cases  and  discussing  them  with  the  radiographer;  for  no  surgeon 
without  considerable  experience  in  this  work  can  interpret  his  own  plates 
without  help  from  the  expert.  A  dried  articulated  skull  is  of  great  assistance 
in  forming  a  good  mental  picture  of  the  anatomy  of  the  lesion  :  and  just 
prior  to  the  operation  the  radiographs  should  again  be  inspected,  so  as  to 
revive  the  picture  clearly  in  the  memory  of  the  operator. 

We  have  divided  our  paper  broadly  into  three  sections  : — - 

1.  The  Method  employed  in  taking  the  Radiograph,  discussing  fully  our 
technique  where  it  has  seemed  to  differ  from  that  in  common  use. 

2.  The  Interpretation  of  the  Radiograph. 

3.  A  Classification  of  the  Type  of  Injuries  Revealed  by  the  Radiographs, 
and  a  discussion  of  the  surgical  practice  adopted  for  each  type. 

I.  METHOD  OF  TAKING  THE  RADIOGRAPHS. 

We  would  at  the  outset  insist  that  stereoscopic  views  should  be  taken  in 
every  case,  being  firmly  convinced  of  the  paramoimt  importance  of  this 
method,  which  enables  one  as  it  were  to  look  right  into  the  patient's  head, 
and  to  view  in  relief  the  injury  to  the  various  strata  as  it  really  exists.* 

In  radiographing  these  cases  of  head  injury  as  we  get  them,  compara- 
tively soon  after  the  infliction  of  the  woinid,  special  difficulties  present  them- 
selves. The  patients  are  often  in  a  peculiar  mental  state,  maybe  restless  or 
delirious.  Consequently  it  may  be  necessary  in  certain  of  the  cases  to  give 
an  anaesthetic  to  ensure  a  reliable  result.      Short  of  this,  rapid  work  with 


*  The  illustrations  in  this  article   are  printed  each  from  a  single  plate  of  a  stereoscopic 
pair,  and  consequently  fail  to  show  the  depth  of  strata  which  is  essential  for  the  surgeon. 

VOL.  v.— NO.   17.  2 


18         THE    BIUTISH    JOURNAL    OF    SURGERY 

intcnsifyiiijr  screens,  necessitating  an  exposure  of  only  a  few  seconds,  may 
overcome  tlie  dilfieulty.  The  majority  of  slightly  restless  patients  can  be 
kept  still,  however,  for  the  ordinary  exi)osurc  of  twenty  seconds,  with  a 
eomprt»ssi«»n  cylinder,  by  making  use  of  a  paper  air-cnshion  wedged  between 
the  head  and  the  compressor. 

The  size  of  the  plate,  position  taken,  condition  of  the  tnbe,  number  of 
miIIiami>ere-seconds  given,  and  distance  of  the  plate  from  the  anode,  are 
tabulatal.  Careful  notes  are  also  made  on  the  final  treatment  of  the  plate, 
whether  it  is  normally,  under-,  or  over-ex |)osed,  and  whether  correctly, 
imder-,  or  over-developed.  Finally,  the  radiographer's  diagnosis  is  added. 
These  rcjwrts  arc  standards  for  future  work.  Reduced  stereoscopic  slides  are 
sometimes  made,  which  often  give  a  clearer  and  more  instructive  view  with 
the  hand  stereoscope  than  the  original  negatives,  because  in  reproduction 
any  fault  in  density  may  be  overcome. 

Technique  Employed. — As  a  preliminary,  a  small  lead  wire  ring  is  placed 
over  the  wound  surface,  a  clean  new  ring  being  used  for  each  case. 

At  the  outset  it  is  necessary  to  decide  in  what  position  it  is  best  for  the 
head  to  l>e  fixed  for  any  given  wound.  In  addition,  the  relation  of  a  retained 
missile  to  the  wound  of  entry,  and  the  j)robablc  direction  of  any  brain  track, 
should  be  known.  If  time  allows,  therefore,  a  preliminary  screening  should 
be  done,  in  order  to  give  some  idea  of  the  position  of  the  missile,  which  can 
geiu'rally  be  quite  easily  seen.  Only  in  exceptional  eases  can  one  b^^  screen- 
ing follow  the  line  of  fractures,  although  if  there  be  a  large  bone  defect  it 
can  often  be  seen,  as  can  also  the  track  made  by  a  large  foreign  body. 

The  wound  surface  should  always  be  that  nearest  to  the  plate,  with  the 
area  inuuediately  surrounding  the  wound  actually  in  contact  with  it,  since 
in  viewing  the  stereoscopic  radiograj)hs  afterwards,  the  best  results  are  obtained 
by  viewing  through  the  healthy  on  to  the  injured  side. 

If  the  wound  and  the  position  of  the  missile  as  viewed  through  the  screen 
lead  one  to  believe  there  is  a  track  running  in  any  given  direction,  experience 
has  shown  that  the  most  satisfactory  results  are  obtained  by  radiographing 
this  track  at  an  angle. 

It  is  evident  that  the  knowledge  gained  by  screening,  of  the  best  possible 
rotite,  and  of  the  line  of  least  resistance  to  the  rays  in  various  parts  of  the 
skull,  greatly  facilitates  the  work.  Thus,  in  taking  lateral  views,  we  always 
endeavour  to  centre  our  rays  through  the  squamojis  temporal,  as  offering  less 
resistance  than  the  thicker  regions  of  the  skull. 

The  condition  of  the  tube,  and  the  exposure,  have  often  to  be  altered  to 
suit  the  particular  view  which  is  to  be  taken.  A  lateral  view,  for  instance, 
requires  different  conditions  from  an  anteroposterior  view  in  order  to  obtain 
the  Ixst  results. 

Of  necessity  the  supine  position  is  that  selected  for  the  majority  of  our 
cases,  as  few  of  them  are  sufficiently  recovered  on  arrival  to  allow  of  any  other 
jxisition.  If  he  has  a  short  neck,  the  patient  may  find  some  of  the  postures 
uncomfortable,  but  this  difficulty  can  usually  be  overcome  by  allowing  him  to 
rest  on  his  side  with  the  plate-holder  raised  to  a  higher  level  than  that  usually 
employed,  using  wooden  wedges  where  necessary. 

^\hen  correctly  adjusted,  the  head  is  fixed  by  means  of  paper  air-cushions, 
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partly  inflated,  which  arc  placed  between  the  head  and  the  compressor.  These 
take  a  grip  of  the  greater  portion  of  the  head  facing  the  tube,  and  an  extra 
I)ush  downwards  of  the  compressor  makes  any  movement  impossible.  The 
radiographs  are  usually  taken  with  the  head  in  the  lateral  position,  centring 
just  above  the  external  auditory  meitiis.  If,  however,  the  injury  is  near  the 
vertex  (this  embraces  the  very  im|X)rtant  class  of  sinus  injuries  described  by 
Sargent  and  Holmes),  the  head  is  tilted  so  as  to  allow  the  vertex  to  be  nearer 
the  plate  than  the  base  ;  and  vice  versa,  if  there  be  an  injury  in  the  neighbour- 
hood of  Reid's  base  line,  the  base  is  approximated  to  the  plate. 

Slight  manipulation  of  the  skull  in  its  relation  to  the  plate,  with  a  view 
to  bringing  the  injured  area  as  near  the  central  rays  as  possible,  brings  out 
many  details  not  otherwise  obtained.  In  certain  special  cases,  the  indications 
for  which  will  be  described  later,  radiographs  of  the  cranium  are  taken  in 
an  anteroposterior  direction,  the  face  being  placed  on  the  plate  and  the 
rays  passing  directly  through  the  skull  from  behind  forwards  ;  central  rays 
are  then  made  to  hit  the  back  of  the  skull  one  and  a  half  inches  either 
above  or  below  the  inion. 

The  distance  of  the  anode  of  the  tube  from  the  plate  varies  from  58  to 
64  cm.,  and  the  diaphragm  is  cut  down  so  that  both  radiographs  (stereoscopic) 
are  just  contained  in  the  circle  of  illumination.  The  tube  shift  is  6  cm.  The 
length  of  exposure  varies  with  the  age  of  the  individual,  old  people  requiring 
a  longer  one  than  young.  The  breadth  of  the  head  has  to  be  taken  into  account, 
but  as  a  general  rule  120  to  140  milIiam})ere-seconds  are  sufficient  for  lateral 
views,  with  an  addition  of  about  30  per  cent  for  anteroposterior  positions  of 
the  skull.  Until  recently  we  have  always  had  a  vacuum  tube  in  circuit  ;  but 
lately  we  have  replaced  this  by  a  mechanical  rectifier,  which  successfidly  pre- 
vents any  of  the  inverse  current  from  entering  into  the  .r-ray  tube.  The  best 
work  is  done  with  the  tube  in  a  condition  of  6  to  7  Bauer,  the  development 
being  carried  on  from  15  to  18  minutes.  Plates  thus  taken  will  show  the 
contour  of  the  skull  on  both  sides  when  viewed  stereoscopically.  The 
majority  of  the  lines  of  shadows  are  cast  by  the  side  of  the  head  which  is  nearer 
the  plate,  and  can  be  increased  or  decreased  at  M-ill  by  varying  the  distance 
of  the  tube  from  the  skull.  These  shadows  can  still  further  be  modified  during 
the  development  of  the  radiographs. 

Positions  of  Uie  Head. — ^As  a  result  of  our  experience  and  of  many 
trials,  we  now  always  fix  the  patient's  head  in  one  of  the  seven  positions  about 
to  be  described.  The  position  varies  according  to  the  situation  of  the  wound. 
From  our  records  we  find  that  the  majority  of  wounds  of  the  cranium  occur 
over  the  temporoparietal  area  (50  per  cent),  next  in  order  come  those  over 
the  frontal  area  (25  per  cent),  and  finally  those  over  the  occipital  area. 

A,  Lateral  Views.^ 

Position  1, — Particularly  adapted  for  showing  injuries  to  the  lateral  aspect 
of  the  frontal  bone,  the  temporal  bone,  and  also  the  parietal  bone  except  at 
the  summit.  Lateral  vievr  centred  at  the  temporomaxillary  joint  at  the  level 
of  Reid's  base  line. 

On  looking  from  the  healthy  to  the  wounded  side,  a  good  view  of  the 
whole  of  the  lateral  aspect  of  the  frontal  and  parietal  bones  is  obtained,  except 
towards  the  siunmit,  and  the  squamous  temporal  is  also  well  seen.     We  can 
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trace  the  edges  forming  the  boundaries  of  the  lateral  sinus  from  the  toreular 
forward  as  far  as  about  the  middle  of  the  petrous  bone,  where  the  sinus  sinks 
Mow  the  dense  sliadow  cast  by  this  bone — though  towards  the  anterior  part 
the  edges  become  indistinct  owing  to  their  overlapping.  The  whole  of  the 
grooving  for  the  superior  longitudinal  sinus  can  be  made  out,  most  distinctly 
in  the  anterior  frontal  and  posterior  occipital  regions.  Lateral  views  of  the 
orbital  plates  of  the  frontal  bones  are  seen,  and  the  pituitary  fossa  and  clinoid 
processes  are  very  distinct.  If,  as  sometimes  happens,  the  sphenoidal  cells 
arc  large  and  occupy  a  great  part  of  the  body  of  the  sphenoid,  they  show  up 
well.  In  this  position  the  two  temporomaxillary  joints  overlap,  and  conse- 
quently an  indistinct  view  of  these  is  seen.  Overlapping  views  of  the  rami 
of  the  inferior  maxilla  are  also  obtained. 

Position  2. — Adapted  for  showing  the  posterior  parietal,  temporal,  and 
occipital  regions.     Lateral  view  centred  at  the  base  of  the  mastoid. 

A  better  view  of  the  orbital  plates  of  the  frontal  bone  is  obtained  than 
in  Position  1,  since  the  overlapping  is  not  so  marked.  The  pituitary  fossa 
and  clinoid  processes  arc  still  well  seen.  A  good  view  is  obtained  of  the 
pt;trous  bone  throughout  the  greater  part  of  its  length.  The  anterior  part  of 
the  lateral  sinus  is  also  seen  better  than  in  Position  1.  In  looking  through 
the  uninjured  to  the  injured  side,  we  see  less  of  the  contour  of  the  temporal, 
parietal,  and  occipital  bones  than  in  Position  1.  A  very  good  overlapping 
view  is  also  obtained  of  the  inferior  maxilla,  provided  the  mouth  is  open. 

By  centring  at  a  slightly  higher  level,  say  the  level  of  the  upper  attach- 
ment of  the  pinna,  we  obtain  a  view  looking  into  the  cavity  of  the  cranium 
from  above.  By  centring  thus,  a  better  view  is  obtained  of  the  orbital  plates 
anti  of  that  part  of  the  squamous  temporal  above  and  in  front  of  the  apex  of 
the  petrous  bone.  The  bony  landmarks  around  the  foramen  magnum  are  well 
brought  out  by  this  view. 

Position  3.— Specially  adapted  to  show  injury  to,  or  in  the  neighbourhood 
of,  the  superior  longitudinal  sinus.  If  an  injury  is  seen  at  or  near  the  vertex, 
the  head  is  tilted  so  as  to  allow  the  vertex  to  be  nearer  the  plate  than  the  base. 
This  is  done  by  placing  an  air-bag  under  the  shoulder  and  neck,  so  that  the 
mastoid  is  1  to  1^  inches  above  the  plate,  and  the  central  line  of  the  vertex 
considerably  nearer  it  than  occurs  when  the  two  methods  previously  described 
are  adopted.  The  base  line  is  centred  as  appears  most  convenient,  depending 
on  the  position  of  the  wound. 

Uhen  looked  at  from  the  uninjured  to  the  injured  side,  we  obtain  an 
excellent  view  of  the  whole  of  the  inner  aspects  of  the  frontal  and  parietal 
Iwnes,  together  with  the  greater  part  of  the  oecij)ital  bone.  The  bones  which 
go  to  form  the  bed  of  the  superior  longitudinal  sinus  are  also  well  seen, 
the  position  now  described  being  especially  adapted  for  fractures  in  this 
neighbonrhofxi.  Previously,  when  lateral  views  were  the  only  ones  taken, 
thus  allowing  the  opposite  parts  of  the  skull  to  overlap,  one  often  experienced 
LTcat  difficulty  in  reading  the  radiographs,  especially  when  the  bony  injury 
crossed  f)r  was  in  the  neighbourhood  of  the  several  sinuses ;  slight  fractures  with 
de|)ression  of  the  inner  table  have  been  mistaken  for  lacuujc,  the  markings 
of  bIcKKl-vessels,  or  overlapping  of  ridges  which  go  to  form  the  sinus.  It  was 
so()u  found  that  these  defects  could  be  overcome  by  tilting  the  head  in  various 
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ways  so  as  to  prevent  the  overlapping  of  the  opposite  shadows,  and  now  we 
experience  no  difficvilty  in  reveaUng  fractures  over  the  superior  longitudinal 
and  lateral  sinuses. 

A  good  view  of  the  posterior  surface  of  the  petrous  bone  is  obtained  on 
the  injiucd  side,  and  also  of  the  under  surface  of  the  base  of  the  skull. 

On  reversing  the  plates,  we  hav-e  a  still  better  view  of  the  bones  forming 
the  upper  half  of  the  cranium,  but  not  so  extensive  a  view  of  the  base  as 
seen  from  above.  A  good  anterior  view  of  one  petrous  bone,  and  both 
aspects  of  the  other,  are  shown.  The  torcular  and  the  occipital  sinus  are 
well  seen.  In  the  event  of  the  radiograph  being  taken  with  the  mouth  open, 
we  obtain  a  good  view  of  the  temporomaxillarv  joints,  and  both  sides  of  the 
inferior  maxilla  are  very  clear  except  in  the  central  line,  where  the  shadows 
overlap  at  the  chin. 

Position  4. — Specially  adapted  to  show  injuries  at  the  base  of  the  skull, 
the  jx)sterior  mastoid,  the  occipital  bone,  and  the  lateral  sinus.  Great  care 
has  to  be  taken  with  this  position  in  order  to  obtain  the  results  desired.  The 
head  is  first  placed  flat  on  the  plate-holder,  and  an  air-cushion  introduced 
under  the  vertex  and  so  arranged  that  the  front  of  the  head  is  at  a  higher  level 
than  the  back.  The  plate  is  pushed  so  that  its  lower  end  rests  under  the  third 
or  fourth  cervical  vertebra,  with  the  mastoid  process  resting  firmly  on  the 
plate.  By  centring  exactly  two  inches  above  the  external  auditory  meatus, 
the  central  rays  will  pass  in  just  posterior  to  the  petrous  bone  ;  10  per  cent 
increase  of  exposure  over  the  normal  is  allowed  for  this  view. 

On  looking  through  the  healthy  on  to  the  injured  side  of  the  skull,  we 
obtain  a  good  view  of  the  orbital  jilates  and  the  lateral  aspect  of  the  frontal 
bone,  and  of  most  of  the  parietal  bone.  Provided  the  angle  is  correct,  a 
perfect  view  of  the  temix>ral  and  occipital  bones  is  given. 

If  we  centre  a  little  higher,  the  lateral  sinus  throughout  most  of  its  extent, 
and  the  region  of  the  foramen  magnimi,  with  the  first  and  second  cervical 
vertebra^,  are  added  to  the  above  view. 

On  reversing  the  plates,  the  base  of  the  skull  as  seen  from  the  imderside 
is  very  distinct.  With  the  mouth  open,  a  good  view  of  the  inferior  maxilla  and 
of  both  temporomaxillary  joints  is  obtained.  This  is  the  most  suitable  view 
for  dental  surgery,  as  there  is  no  overlapping  of  the  structures  of  the  mouth. 

B.  Anteroposterior  Views. — 

Anteroposterior  views  of  the  head  and  neck  are  particularly  useful  for 
localizing  the  position  of  foreign  bodies  in  relation  to  the  central  line. 

Difficulties  have  been  experienced  in  the  past  in  giving  the  exact  position 
of  a  missile  lying  in  or  near  the  body  of  the  sphenoid,  the  anterior  portion  of 
the  foramen  magnum,  or  the  bodies  of  the  first  to  the  third  cervical  vertebrse. 
The  results  obtained  by  operations  undertaken  for  the  removal  of  missiles 
lying  in  any  of  these  localities  v^ry  very  greatly  according  to  the  exact 
position  of  the  missile  and  the  relative  ease  with  which  it  can  be  approached 
and  removed  by  the  surgeon.  Consequently  great  attention  to  detail  is 
essential.  In  the  first  place,  if  the  correct  exposure  for  a  lateral  view  is 
known,  an  addition  of  from  25  to  30  per  cent,  using  a  tube  low  in  vacuum, 
will  give  the  best  results.  The  head  also  must  be  securely  fixed  and  centred. 
If  good   lateral   views   have   already   been    taken,   there   is   no   necessity   to 
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scriTM  ;    otherwise  one  always  screens,  with  the  tube  below  the  couch,  using 
a  liigh  niilUamperage  and  a  diaphragm  cut  down  to  give  a  minimum  opening. 
Two  particular  diflicultics  that  have  to  be  overcome  in  these  antero- 
posterior views  are  : — 

1.  The  broad  horizontal  band  of  shadow  cast  by  the  petrous  bone.  It 
is  essential  that,  by  tilting  the  head  in  a  vertical  ])lane,  this  shadow  be  pre- 
vented from  overlapping  that  cast  by  the  missile,  or  the  value  of  the  resultant 
picture  will  be  much  diminished. 

2.  The  shadow  cast  by  the  lower  jaw.  This  difficulty  can  usually  be  over- 
come by  opening  the  patient's  mouth  to  its  widest  extent,  and  fixing  it  in  this 
j>osition  by  a  ])iece  of  cork  placed  between  the  teeth. 

Position  5. — The  plate  rests  on  the  forehead,  and  lightly  touches  the  nose, 
the  chin  being  two  inches  above  the  plate. 

In  this  view  the  shadows  cast  by  the  petrous  bone  pass  across  the  level 
of  the  u|)per  part  of  the  orbit,  and  it  is  only  structures  or  foreign  bodies  within 
the  skull  above  the  upper  limit  of  this  shadow  that  are  distinctly  seen.  We 
obtain  a  fairly  clear  view  of  structures  lying  immediately  beneath  the  skull, 
particularly  the  first  to  the  third  cervical  vertebra,',  the  pharynx,  maxillary 
antrum,  etc.  Foreign  bodies  in  the  face  below  the  level  of  the  orbit  can  also 
be  well  seen. 

Position  G. — The  j)latc  rests  on  the  chin  and  the  tip  of  the  nose,  and  the 
central  rays  strike  the  back  of  the  cranium  at  a  slightly  higher  level. 

The  dark  shadow  cast  by  the  petrous  bone  now  obliterates  the  lower 
part  of  the  antrum,  but  leaves  a  full  view  of  the  forehead,  orbits,  and  upper 
part  of  the  antrum.  The  greater  part  of  the  temporal  and  sphenoidal  bones 
are  well  seen.  With  the  mouth  widely  opened,  a  good  view  is  obtained  of 
the  anterior  aspect  of  the  occipital  bone,  the  foramen  magnum,  and  the  first 
three  cervical  vertebra*. 

Position  7.— The  plate  again  rests  on  the  chin,  but  is  separated  an  inch 
from  the  tip  of  the  nose.  This  position  is  obtained  by  means  of  an  air- 
cushion,  resting  on  the  forehead,  between  it  and  the  plate.  The  central  rays 
pass  through  the  back  of  the  cranium  at  the  inion  or  just  above  it.  It  is 
necessarj'  to  further  increase  the  amount  of  exposure  to  obtain  the  best 
results. 

In  this  view  the  shadoAv  cast  by  the  petrous  bone  has  moved  still  further 
down  the  face,  and  now  lies  at  the  level  of  the  teeth  when  the  mouth  is  closed. 
Within  the  cranium  there  is  an  unobstructed  view  of  the  interior.  Below  the 
level  of  the  skull  a  further  view  of  the  region  around  the  foramen  magnum 
is  obtained.  The  frontal  and  sphenoidal  sinuses  and  the  ethmoidal  cells  are 
particularly  well  shown.  A  good  view  of  the  whole  of  the  antrum,  nose,  and 
orbits  is  obtained. 

II.     INTERPRETATION     OF     RADIOGRAPHS. 

All  those  who  have  written  on  gunshot  wounds  of  the  head  in  the  present 
war  seem  to  be  unanimous  as  to  the  paramount  importance  of  a  good  x-rsiy 
photograph  being  taken  as  a  preliminary  to  any  operative  interference,  unless 
there  be  specially  urgent  reasons  for  performing  an  emergency  operation. 

In  many  eases  which  have  come  down  the  line  after  having  been  already 
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operated  on  in  front-line  units,  a  radiograph  taken  at  this  base  hospital  has 
shown  flakes  of  bone  and  shell  fragments  still  remaining  embedded  in  the  brain, 
in  quite  accessible  positions.  Secondary  operations  have  often  been  necessary ; 
the  trephine  opening,  often  a  small  one,  has  had  to  be  enlarged,  and  the  frag- 
ments, commonly  the  centre  of  a  foul-smelling  abscess,  have  had  to  be 
removed.  One  need  hardly  say  that  the  mortality  is  high  where  such 
secondary  operations  have  been  necessary.  We  conclude  from  our  experience 
of  many  of  these  cases,  that  if  a  radiograph  was  taken  at  all  at  the  front,  it 
must  have  been  only  a  flat  negative.  One  cannot  insist  too  strongly  on  the 
necessity  of  stereoscopic  pictures  being  taken  in  every  instance,  and  with  the 
greatest  possible  amount  of  detail.  In  viewing  these  plates  through  the 
stereoscope,  it  is  important  to  have  some  method  by  which  the  light  can  be 
regulated,  either  generally,  or  locally  in  part  of  the  field,  for  often  a  fracture 
invisible  with  a  bright  light  is  brought  into  view  with  a  dimmer  illumination. 

In  certain  cases  the  lobulations  of  the  brain  itself  can  be  distinctly  seen. 
Particular  attention  is  drawn  to  the  fact  that  when  a  layer  of  blood-clot 
lies  over  the  cortex,  such  an  area  of  injury  is  seen  less  distinctly  than  is  the 
surrounding  brain,  which  fact  has  proved  of  some  diagnostic  value. 

Foreign  Bodies.— 

Method  of  Localization. — By  the  use  of  a  pair  of  compasses  and  a  scale, 
one  can  in  a  few  seconds  give  the  size  and  depth  of  a  foreign  body  below 
ti)e  wound  surface  once  good  stereoscopic  negatives  have  been  obtained, 
thus  doing  away  with  much  of  the  elaborate  machinery  which  has  come  into 
such  prominence  during  the  present  war.  On  each  plate  appears  the  shadow 
of  a  pair  of  cross-wires  at  right  angles  to  one  another  and  in  close  proximity 
to  the  plate.  The  tube  is  moved  a  known  distance  between  the  two  exposures 
in  a  direction  parallel  to  one  of  the  cross-wires.  This  causes  the  shadow  of 
any  foreign  body  to  shift  along  the  line.  By  the  use  of  a  pair  of  compasses 
one  measures  the  distance  of  the  foreign  body  from  the  other  wire  in  each 
case.  The  difference  between  the  two  measurements  gives  us  the  shift  of  the 
shadow.  There  is  a  simple  geometric  relation  between  the  shift  of  the  tube, 
the  shift  of  the  shadow,  and  the  distance  between  the  anti-cathode  and  the 
plate.  The  shadow  shift  having  been  measured,  it  requires  only  a  moment's 
calculation  by  the  use  of  a  slide-rule  to  determine  the  depth  of  the  missile. 

In  reading  such  radiographs  stereoscopically,  one  has  to  make  allowances 
when,  say,  a  dense  white  object,  such  as  a  bullet  or  shell  fragment,  is  viewed 
against  other  objects  the  groundwork  of  which  is  not  of  so  dense  a  composi- 
tion, such  as  bone  or  soft  tissues.  The  denser  object  w411  always  appear  nearer 
the  observer  than  it  really  is.  But  as  this  occurs  again  when  the  plates  are 
transposed,  the  fallacy  is  repeated,  and  the  error  can  easily  be  corrected  by 
experience,  as  there  are  so  many  other  detailed  parts  in  the  field  which  can 
be  brought  into  alinement. 

Alterations  in  Position. — Some  radiograms  show  that  the  missile  has 
travelled  in  a  zigzag  direction  before  becoming  stationary  ;  in  one  case  we 
were  able  to  show  clearly  three  distinct  tracks  due  to  the  missile  having  twice 
been  deflected  at  an  angle.  But  apart  from  the  clear  proof  that  missiles  are 
occasionally  deflected  in  their  flight  within  the  skull,  there  is  another  possi- 
bility that  has  been  discussed  by  surgeons — namely,  as  to  whether  a  retained 
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fori'ijjn  ImmIv  may  suffer  secondary  displacement  as  the  result  of  fallinjT  down- 
wartis  under  «;ravity.  From  the  evidence  gained  by  frequently  re-radio- 
grnphing  heads  with  retained  missiles,  we  have  come  to  the  conclusion  that 
there  is  rarely  a  late  movement  of  the  missile  through  the  brain.  In  one  case, 
however,  at  the  lirst  examination  a  damaged  area  was  found  extending  beyond 
the  foreign  lM>dy,  and  a  later  radiogram  showed  that  the  missile  had  now 
travelletl  a  short  distance  beyond  its  original  situation,  having  indeed  dropi)ed 
forward  into  the  area  of  ploughed-up  and  softened  brain  that  already  lay  in 
inmt  of  it.  But  this  type  of  movement  is  quite  a  different  matter  from 
that  of  a  missile  travelling  later  by  its  own  weight  through  healthy  brain. 
We  have  had  the  opj)ortunity  of  viewing  several  radiographs  which  were 
supposed  to  demonstrate  free  mo\ement  beyond  the  track  of  a  missile,  but 
we  have  failed  to  convince  ourselves  of  this  movement,  as  in  all  cases 
examined,  the  second  radiograph  was  taken  in  a  different  position  from 
the  first.  Unless  there  is  exact  reduplication  of  the  position  of  the  head  in 
the  radiographs,  the  altered  position  of  the  missile  is  difficult  to  prove. 

Dhstinguuhing  Characteristics. — It  is  sometimes  difficult  to  distinguish 
between  pieces  of  shell  and  of  lead,  and  also  between  these  missiles  and  bone 
fragments  turned  on  edge.  Rifle  bullets  end  on  to  the  plate  may  be  mistaken 
for  shrapnel  balls.  The  distinction  between  lead  and  shell-casing  is  important 
when  the  question  of  the  use  of  the  magnet  for  extraction  purposes  is  con- 
sidered, as  the  magnet  has  attraction  for  pieces  of  shell-casing  and  rifle  bullets, 
but  none  for  lead.  Pieces  of  lead  are  generally  distinguished  from  shell-casing 
by  their  difference  in  shape  and  whiter  appearance.  When  pieces  of  lead 
penetrate  the  cranium,  they  nearly  always  shed  fragments  in  the  brain  track, 
and  these  are  easily  recognized  by  their  white  glistening  appearance  against 
the  darker  background  [Fig.  7). 

Pineal  Body. — The  shadow  cast  by  the  pineal  body  may  easily  be 
mistaken  for  a  bone  fragment.  On  several  occasions  while  examining  radio- 
graphs for  lesions,  we  were  puzzled  by  the  presence  of  a  small  circumscribed 
area  of  density,  generally  oval  in  shape,  and  closely  resembling  a  small  flake 
of  bone.  Its  position  was  constant,  being  situated  mid-way  along  a  line  drawn 
between  two  points  above  and  behind  the  two  external  auditory  meati.  To 
decide  the  nature  of  this  small  body,  lead  cyphers  were  fixed  to  the  scalp  two 
ijiches  alxne  the  nasion  and  one  inch  above  the  inion.  The  object  lay  just 
above  the  line  joining  these  two  points,  and  about  mid-way  along  it. 
Xasion  to  inion  equals  20  cm.  ;  the  body  was  found  11  cm.  from  the  nasion. 
This  is  the  actual  position  of  the  pineal  body  in  the  middle  line  of  the  skull 
(from  its  position  Lieutenant-Colonel  Gordon  Holmes  assumed  it  to  be  the 
piru'al  IxKly).  In  certain  cases  where  a  fracture  exists,  the  presence  of  this 
small  organ  has  complicated  the  diagnosis.  We  have  already  collected  ten 
radiographs  showing  the  presence  of  the  pineal  body,  its  visibility  being 
doubtless  due  to  the  accumulation  of  opaque  concretions  that  are  liable  to 
form  in  tliis  organ  after  adolescence  {Fig.  1). 

Diagnosis  of  Fractures. — The  dark  shadow  cast  by  a  wound  of  the  scalp, 
especially  when  there  is  considerable  loss  of  tissue,  is  sometimes  mistaken  for 
a  fracture  ;  and  the  lighter  markings  due  to  the  obstruction  caused  to  the  rays 
by  some  dressings,  especially  cyanide  gauze,  have  to  be  kept  in  mind. 
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Sutures. — X  fracture  in  the  situation  of  the  sutures  may  be  overlooked, 
especially  if  it  is  small,  and  running  in  the  same  direction.  In  these  instances 
radiographs  should  be  taken  so  that  there  is  no  overlapping  of  the  corres- 
ponding sutures  on  the  two  lateral  aspects  of  the  skull,  and  they  should  give 
the  fullest  possible  detail. 

Doubtful  markings  in  the  position  of  the  Wormian  bones  present 
difficulties. 


Fig.  1. — Position  4.  Ring  on  scalp  wound  ;  no  fracture,  and  no  cranial  injury. 
A.  Pineal  body,  well-marked,  opaque,  and  re>:embling  a  foreign  body  ;  B.  Styloid  process 
and  stylohyoid  ligament  well-marked  ;    C.    One  condyloid  process  of  occipital  Ls  fairly  seen. 


Fractures  in  the  line  of  the  sagittal  suture  cannot  be  always  diagnosed 
if  an  ordinary  lateral  view  is  taken.  The  shadows  of  the  ridges  which  go  to 
form  the  bed  of  the  superior  longitudinal  sinus  overlap,  and  it  is  only  by  taking 
radiographs  in  Position  3  that  they  can  be  separated  so  as  to  bring  clearly  into 
view  the  line  of  the  suture. 
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The  lauulKloid  suture  alouj;  its  whole  length  requires  the  minutest 
inspection  to  eliniiiuite  the  possibility  of  fracture.  In  the  position  of  the 
|X)sterior  superior  and  the  posterior  inferior  parietal  angles  it  presents  diffi- 
culties which  sometimes  can  be  only  overcome  by  radiographing  in  Position  4, 

Minute  fractures  in  the  neighbourhood  of  the  lateral  sinus,  especially 
beneath   the   petrous   bone,  are   liable  to   be   overlooked.     Fractures    in   the 


Fio.  i.  I'usitiim  4.  Showing  the  posterior  vascular  sinuses.  Depresse<l  imcture  ; 
no  (icnetration  of  dura.  Ring  marks  the  scalp  wound,  from  the  posterior  extremity  of  which 
runs  downwards  and  forward  a  wavy  depressed  fracture  as  far  as  the  anterior  missile  iB. 
It  then  f>8.sses  downward  and  backward,  where  it  terminates  at  the  lamluloid  suture  C. 
Misxdes  are  etnlx-dded  in  the  hones.  E  Well-marked  lacimae  ;  F.  Longitudinal  sinus,  which 
IS  swn  |ia.ssing  backward  and  downward  to  the  torcular  G.,  and  then  outward  and  finally 
inward  lieneath  the  jwtrous  Jnine  to  its  termination  H.  The  occipital  sinus  lies  between 
G  and  H  ;    H.  Forarnen  magnum. 

position   f)f   the   torcular   arc   easily   diagnosed,  provided    they  are  taken   in 
Position  \  or  5. 

It  is  necessarv'  to  draw  particular  attention  to  a  triangular  shadow  cast 
by  the  tip  of  the  lesser  wing  of  the  sphenoid  passing  upwards  and  backwards, 
slightly  in  front  of  and  parallel  to  the  groove  formed  in  the  bone  by  the 
middle  meningeal  artery,  as   it  is  often  overlapped  by  the  one  cast  by  the 
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middle  meningeal  artery  where  it  grooves  the  anterior  and  inferior  parietal 
We  sometimes  have  found  difRculty  in  giving  a  definite  diagnosis  in  this 
situation. 

Blood-V essels . — In  a  large  number  of  radiographs  the  shadows  cast  by 
the  diploic,  meningeal,  and  other  blood-vessels  of  the  brain  are  clearly  shown, 
and  in  some  cases  difficulties  have  been  found  in  distinguishing  them  from 
fractures.  We  have  to  take  into  consideration  their  length,  shape,  branch- 
ings, their  thinning  as  they  travel  upwards  to  the  vertex,  and  their  presence 
on  the  opposite  side  of  the  cranium  when  the  plates  are  viewed  reversed. 

Lacunae  due  to  thinning  of  the  craniiun  by  Pacchionian  bodies  sometimes 
require  the  minutest  attention,  especially  when  there  are  scalp  wounds  in 
the  neighbourhood  {Fig.  2). 

Experience  has  shoxvn  that  zvith  -ivell-prepared  plates,  carejuUy  examined,  it 
is  very  rarely  that  a  Jracture,  hoivever  minute,  is  missed.  The  following  case 
well  exemplifies  this  point  : — 

Case  1. — Pte.  M.  was  brought  into  hospital  on  Aug.  24,  1916,  suffering  from 
a  -wound  of  the  vertex  received  the  day  previously.  He  exhibited  slight  sinus 
symptoms.  Examination  revealed  a  dirty  gutter-wound  stretching  across  the  vertex, 
9J  inches  behind  the  nasion  (nasion  to  inion  13|  inches),  with  bare  bone  showing. 
A'  rays  showed  a  minute  defect  exactly  over  the  sagittal  suture,  with  a  large  flake  of 
in-driven  table  under  it.  Two  small  metallic  fragments  were  seen  lying  in  the  right 
cerebral  hemisphere  at  a  considerable  distance  from  the  wound  of  entr\-. 

Operation  was  performed  on  Aug.  25.  A  flap  was  turned  down,  including  the 
wound  and  a  large  area  surrounding  it.  No  sign  of  any  fracture  of  the  outer  table 
was  seen,  and  the  sagittal  suture  appeared  normal.  It  was  thought  inadvisable  to 
trephine  on  account  of  the  dirty  nature  of  the  scalp  wound,  and  there  seemed  to  be 
more  than  a  suspicion  that  the  x  rays  for  once  had  lied.  Two  days  later  the  patient's 
temperature  suddenly  rose  to  lOS'^.  He  became  unconscious,  the  sinus  symptoms 
in  his  legs  progressed,  and  his  left  arm,  which  had  previously  been  normal,  became 
paralyzed.  The  flap  was  re-opened  ;  now,  over  an  area  the  size  of  a  five-shilling 
piece,  surrounding  that  portion  of  the  sagittal  suture  where  the  x  rays  had  revealed 
a  deficiency,  there  was  a  discoloured  patch  of  outer  table.  Even  then  close 
examination  revealed  no  fracture.  A  trephine  disc  was  removed  just  to  the  right  of 
the  unhealthy  area,  and  this  latter  was  removed  with  forceps  as  far  as  possible  in 
one  piece.  A  large  flake  of  inner  table  was  found  depressed  on  to  the  dura,  and  there 
was  a  small  dural  defect  immediately  to  the  right  of  the  sinus,  which  bled  freely 
during  the  course  of  the  operation.  A  deep  brain-track  led  downwards  and  to  the 
right  in  the  direction  of  the  shell  fragments.  Examination  of  the  bone  removed 
suggested  that  the  missile  may  have  entered  as  one  piece  and  subsequently  broken 
up  into  two,  passing  between  the  lips  of  the  sagittal  suture,  for  no  fracture  could  be 
discovered. 


III.    CLASSIFICATION  OF  THE  TYPES  OF  INJURIES  REVEALED    BY  RADIOGRAPHS 
IN    RESPECT    OF   THE    NEED    FOR    SURGICAL    INTERFERENCE. 

1.  No  fracture  to  be  seen  by  X  rays.— Previous  to  the  introduction 
of  the  helmet,  these  wounds  coidd  be  safely  left  without  surgical  interference, 
and  we  never  had  reason  to  regret  our  expectant  policy  ;  but  lately  we  have 
been  struck  by  a  remarkable  series  of  cases,  about  six  in  number,  all  woimded 
on  or  about  the  apex  of  the  temporal  crest.  These  patients  have  come  in  but 
little  affected,  often  showing  no  physical  signs,  or,  at  most,  a  slight  facial 
weakness,  paresis  of  one  arm,  or  some  aphasia.     Their  temperature  and  general 
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condition  on  admission  have  given  no  cause  for  anxiety.  They  luive  remained 
well  for  two  or  three  days,  at  the  end  of  which  time  signs  of  cerebral  mis- 
chief have  suddenly  revealed  themselves.  Fits  unamenable  to  bromide  or  mor- 
phia, increasing  optic  neuritis,  severe  headache  progressing  to  drowsiness,  with 
progression  of  focal  symptoms,  have  all  indicated  urgent  need  for  operation. 
On  turning  down  a  flap,  at  most  a  slight  cracking  of  the  temporal  bone  has 
been  seen  ;  more  conmionly  there  has  been  a  considerable  area  of  discolora- 
tion, a  bluish  appearance  of  the  bone  under  the  woimd  ;  in  one  case  there  was 
no  change  in  the  bone  at  all.  There  has  been  no  extensive  extradural  haemor- 
rhage, but  the  dura  has  appeared  discoloured  and  unhealthy.  Underlying 
the  dura,  which  was  in  most  cases  adherent  to  the  subjacent  brain  by  a  layer 
of  altered  clot,  a  considerable  cavity  containing  pulped  brain  and  sanguineous 
material  has  been  foiuid  in  the  temporal  lobe.  Evacuation  of  this  collection, 
with  drainage,  has  caused  a  gradual  amelioration  of  symptoms,  and  our 
mortality  for  the  six  cases  has  been  nil.  The  following  case  is  typical  of  this 
class : — 

Case  2.— Pte.  J.  was  admitted  to  hospital  on  Aug.  9,  1916,  suffering  from  a 
superficial  gutter-wound  in  the  region  of  the  left  temporal  ridge.  He  stated  that 
hei  was  wearing  a  helmet  when  wounded.  He  was  quite  fit  and  intelligent  on 
admission,  but  had  some  slight  sensory  aphasia.  His  temperature  was  normal. 
A^-ray  examination  was  entirely  negative.  He  remained  well  until  Aug.  11,  when 
he  had  a  Jaeksonian  attack,  limited  to  the  right  side  of  his  face.  He  also  developed 
weakness  of  the  right  side  of  his  face  and  his  right  arm  during  the  day,  and  one  fit 
followed  another  at  rapidly  decreasing  intervals.  His  optic  discs  showed  two  dioptres 
of  swelling. 

Operation  was  performed  on  Aug.  11.  A  large  flap  including  the  wound  was 
turned  down,  and  it  was  then  found  that  the  wound  was  literally  only  skin-deep, 
and  the  underlying  fascia  had  not  been  penetrated.  No  injury  to  the  bone  was  seen. 
A  trephine  disc  was  removed  under  the  wound  near  the  apex  of  the  temporal  ridge, 
and  a  large  area  of  bone  nibbled  away  with  forceps.  The  underlying  dura  was  tense 
and  discoloured,  but  had  not  been  penetrated.  A  small  dural  flap  was  turned  down. 
On  incising  the  flap  the  underlying  cortex  was  found  firmly  adherent  to  it,  with  a 
thin  film  of  altered,  adherent,  sticky  blood  intervening.  Underneath  was  a  con- 
siderable cavity  in  the  temporal  lobe,  containing  much  disintegrated  brain  substance 
mixed  with  sanguineous  purulent  material.  This  was  evacuated,  and  the  cavity 
drained  through  the  scalp  wound  by  a  rubber  tube.  The  following  day  the  patient 
was  very  ill  and  collapsed,  and  had  several  fits,  but  after  that  he  steadily  improved, 
and  has  since  gone  home. 

It  has  seemed  to  us  from  a  study  of  the  above  scries  of  cases  that  this 
phenomenon  is  due  to  a  'whipping'  of  the  temporal  bone,  which,  unlike  the 
other  components  of  the  skull  cap,  is  unprovided  with  a  diploic  splint.  Con- 
sequently considerable  damage  may  be  done  to  the  underlying  brain,  although 
no  fracture  is  revealed.  An  important  causative  agent  is  also  probably  the 
fact  that  the  buffers  in  the  lining  of  the  helmet  are  in  close  contact  with  the 
head  in  this  region.  In  other  regions  where  no  fracture  is  shown  we  have 
had  no  such  difficulties. 

2.  A  small  bone  crack,  usually  limited  in  extent,  with  no  sign  of 
in-driven  fragments. — These  cases  we  generally  left  alone,  as  it  is  dillicult  to 
see  what  can  be  gained  by  operative  interference. 

3.  Extensive  fissured  fractures  without  depression. — These  are  often 
serious,  running  down  to  and  involving  the  base  of  the  skull.     We  usually  left 
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them  alone  unless  urgent  symptoms  manifested  themselves.  It  is  important 
to  note  that  the  dura  is  frequently  nipped  up  in  the  fissure,  and  may  be  much 
damaged  at  the  time  of  operation  unless  the  fact  be  borne  in  mind.  Fractures 
of  this  nature  are  generally  due  to  the  impact  of  a  large  blunt  object,  such 
as  a  big  shell  fragment  or  nose  cap,  on  the  skull.  We  believe  that  skulls  show- 
ing extensive  fissured  fracturing  have  increased  in  relativ^e  proportion  to  the 
other  types  of  wounds  since  the  introduction  of  the  steel  helmets. 


Fig.  3. — Gutter  fracture,  with  limited  depression  of  the  inner  table  and  with  extensive 
fissured  fracture  extending  to  the  base.  /».  The  light  area  is  the  actual  outline  caused  by 
the  wound  in  the  scalp  ;  B.  Dark  circular  lines  mark  the  depressed  inner  table,  which  does 
not  penetrate  the  diu"a.  C.  Fracture,  which  can  be  followed  stereoscopically  as  far  a.s  the 
foramen  magnum. 


4.  Gutter  fracture  with  only  limited  depression  of  the  inner  table. — 

The  outer  table  remains  more  or  less  in  position.  The  injury  in  these  cases 
is  only  shallow,  and  often  it  can  be  safely  prophesied  that  no  injury  to 
the  dura  beyond  bruising  has  occurred.  To  this  class  belong  the  'lid-like' 
fractures,  the  two  lips  of  the  lid  being  inverted  in  a  valve-like  fashion 
{Figs.  2  and  3). 
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We  have  made  it  the  usual  practice  to  operate  for  the  removal  of  these 
depressed  frajjuients.  unless  the  fracture  is  over  the  lontjitudinal  siiuis. 

5.  Gutter  fracture  with  considerable  in-driving  of  tlie   inner  table. — 

The  brain  underlying  the  fracture  is  penetrated  by  bone  fragments  to  a  greater 
or  less  extent.  The  contour  of  the  outer  table  is  still  more  or  less  preserved. 
In  this  class  we  have  operated  on  every  case. 


Fig. '■4. —/''/■■'■'"'/'  1.  The  lobulations  of  the  brain  are  visible,  especially  in  the  frontal 
convolutions.  Two  large  defects  in  the  skull  are  shown,  cau.sed  by  multiple  wounds. 
A.  Depression  to  the  ripht  of  the  middle  anterior  frontal.  Metal  in  scalp  ;  no  metal  in  brain, 
but  a  track  pa.ssinp  inwards  for  2J  inches  ;  B.  Linear  fracture  pa.sses  backward  a.s  far  as 
posterior  parietal  ;  C.  Large  depressed  fracture  to  the  right  and  below  the  torcular  ;  D.  Metal 
in  wound  entrance  :  E.  External  auditory  foramen  ;  L.  Lambdoid  suture  resembling  a 
fracttire. 


6.  Penetrating  wounds  with  no  missile  in  the  brain  (Fig.  4). — In 
this  class  there  is  a  definite  defect  involving  both  tables.  Fragments  of  bone 
are  driven  into  the  brain  to  varying  depths.  Such  cases  almost  invariably 
require  operative  interference,  and  generally  at  the  operation  a  dirty  brain- 
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track  is  found  containing  bone  fragments  and  pulped  septic  brain  material. 
The  chances  of  the  patient's  recover^'  seem  to  van^  inversely  with  the 
length  of  the  track,  those  communicating  directly  with  the  lateral  ventricle 
being  ver\'  fatal.  Penetrating  wounds  below  the  tentorium  cerebelli  are  also 
of  bad  prognosis  {Fig.  5). 


Fig.  5. — Position  4.  Multiple  injuries.  Ring  over  wound  in  left  mid-parietal  area. 
Defect  in  skull,  with  track  passing  into  brain  for  a  distance  of  over  an  inch.  A.  Fractiu^ 
j)assing  directly  forwards  to  anterior  frontal  ;  B.  Large  second  wound  and  bony  defect  in 
right  occipital,  just  above  and  to  the  outer  side  of  the  torcular  C  ;  D.  Large  piece  of  shell, 
which  has  passed  through  the  occipital  woimd,  tunnelled  the  ba.se  of  the  skull,  and  emerged 
at  the  level  of  the  base  of  ma-stoid  and  to  its  inner  side  ;  E.  ^larks  the  exit.  The  lateral 
sinus  was  opened  up.     The  lambdoid  sutitre  Ls  well  seen. 


7.  Wounds  with  one  or  more  missiles  retained,  either  in  the  bones 
of  the  skull  or  in  the  brain. — 

a.  The  missile  may  actually  be  arrested  in  the  bone. 

In  some  cases  the  projectile  has  penetrated  the  outer  table  only,  leaving 
the  inner  table  intact.  A  trephine  disc  has  been  removed,  comprising  the 
outer  table,  with  the  missile  firmly  stuck  into  it,  leaving  the  inner  table  and 
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a  great  part  of  the  diploe  intact.  Roth  tables  may  be  penetrated,  a  part  of 
thefniissilc  lying  firmly  wedged  in  the  bone.  In  one  ease  the  foreign  body, 
a  thin  sickle-shaped  fragment  of  helmet  an  inch  in  length,  had  penetrated 
both  tables.  Its  lower  end  was  driven  through  the  dura  for  fully  a  third  of 
an  inch,  while  its  upper  end  just  protruded  above  the  outer  table. 

h.  The  missile  may  have  passed  entirely  through  both  tables  of  the  skull, 
and  be  lying  between  the  iinier  surface  of  the  skull  and  the  dura,  the  dura 
still  being  intact. 


Fio.  0. — Position  2.  Pte.  C,  admitted  April  19,  1910,  died  the  same  day.  A  A  large 
circular  defect  in  the  right  posterior  parietal  region.  Edges  of  defect  are  lined  by  numerous 
small  metal  fragrnents.  All  the  larger  fragments  are  in  the  woimd  track  crossing  the  brain 
almost  to  the  other  side  of  the  skull  ;  B.  Shows  the  largest  fragments,  all  of  which  are  furthest 
removed  from  the  wound  of  entry.  Extensive  fissured  fractures  extend  horizontally  forwards 
to  the  frontal  region  and  backwards  to  the  upper  occipital. 


•^ 


We  have  had  a  number  of  eases  of  this  variety,  and  have  operated  on 
every  one,  with  no  mortality.  In  certain  cases  the  missile  has  penetrated  the 
dura  and  has  spnmg  back,  lying  between  it  and  the  inner  aspect  of  the  skull. 
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In  several  cases  in  which  this  has  happened  the  brain  has  become  infected 
underneath,  and  the  missile  has  been  found  at  the  operation  to  have  formed 
the  cork  to  a  large  brain  abscess. 

c.  One  or  more  missiles  may  be  lying  in  the  brain  substance  at  varying 
depths  from  the  wound  of  entry. 

The  missile  usually  forms  the  base  of  a  cone,  the  apex  of  which  is  at  the 
woinid  of  entry  into  the  brain.  This  cone  is  made  up  of  pulped  brain  tissue 
and  bone  fragments  of  varying  sizes.     In  those  cases  where  the  missile  is  made 


Fig.  7. — Position  4.  A.  Wound  of  entry  of  shrapnel  ball  just  to  the  left  of  the  vertex, 
where  some  small  metallic  fragments  may  be  seen  lying  in  the  scalp  ;  B.  Downward  track 
showing  lead  shavings  in  the  brain  ;  C.  A  large  misshapen  ball  lying  in  the  left  cerebral 
hemisphere  ;    D.  Auditory  meatus. 


of  lead,  say  a  shrapnel  ball,  small  shreds  of  the  outer  covering  of  the  ball  are 
shed  along  the  track,  and  may  be  seen  as  glistening  white  specks  {Fig.  7).  As 
a  result  of  this  '  moulting '  process,  the  ball  itself  may  be  very  much  misshapen. 
It  is  interesting  to  note  that  the  larger  bone  fragments  lie  at  a  greater  distance 
from  the  wound  of  entry,  and  consequently  nearer  the  missile,  than  do  the 
smaller,  and  it  is  quite  the  exception  to  find  any  of  these  at  a  greater  depth 
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than  the  missile.  Often,  if  one  of  the  larger  of  these  bony  fragments  be  lying 
turned  on  edge,  the  shadow  east  by  it  approximates  to  that  cast  by  a  small 
piece  of  metal,  and  it  may  be  difficult  to  determine  which  of  the  two  it  is.  The 
importance  of  determining  whether  any  missile  be  of  lead  or  some  other  metal 
is  apparent  when  the  question  of  its  possible  removal  by  a  magnetic  rod  comes 
to  be  discussed.     (See  Figs.  6  and  7.) 

We  have  come  across  several  instances  where  the  missile  had  penetrated 
the  brain,  and  lay  on  or  near  the  bone  on  the  opposite  side  of  the  cranium. 
The  foreign  body  retained  is  generally  a  large  piece  of  iron  casing ;  in  some 
instances  fractures  of  the  bone  were  found  near  the  position  of  the  foreign 
body,  showing  the  position  where  the  missile  had  struck  the  bone,  but  its 
momentum  was  not  sufficiently  great  for  it  to  penetrate  and  pass  onwards, 

Various  Types  of  Missiles  met  with. — In  the  early  days,  during  the  first 
and  second  battles  of  Ypres,  we  passed  through  a  phase  when  many  shrapnel 
balls  were  retained  in  the  skull,  our  record  case  being  one  in  which  five  such 
balls  were  embedded  in  one  brain  ;  but  lately,  since  the  almost  universal 
adoption  of  high-explosive  shells,  these  have  been  seen  but  rarely. 

Rific  bullets  are  comparatively  seldom  seen,  but  during  the  past  year 
we  have  had  several  such  cases.  The  wound  of  entry  caused  by  a  rifle  bullet 
is  often  small  and  easily  missed,  and  commonh'.  no  bone  defect  can  be  felt. 
The  patient  is  often  surprisingh^  well,  and  in  at  least  one  ease  it  was  only  by 
chance  that  an  ^r-ray  photograph  came  to  be  taken. 

Case  3  (Fig.  8). — Gunner  C.  was  admitted  into  hospital  on  July  1,  1916.  He 
was  wounded  on  the  night  of  June  30.  There  was  a  fight  between  two  aeroplanes 
going  on  overhead.  He  was  wearing  no  helmet,  and  thought  that  he  had  been  struck 
by  a  shell  fragment  from  an  anti-aircraft  gun.  He  had  a  tiny  wound  of  the  vertex 
5  inches  behind  the  nasion  (nasion  to  inion  14  inches)  and  J  inch  to  the  right  of  the 
mid-line.  There  was  some  oedema  around  the  wound.  X  rays  showed  a  small 
opening  in  the  skull  under  the  wound  of  entry,  with  a  brain-track  passing  down  to 
the  base  of  the  skull,  where  lay  a  rifle  bullet  behind  the  right  orbit.  The  apex  of 
the  bullet  was  sticking  into  the  hard  palate.  Beyond  a  slight  frontal  headache  and 
some  drowsiness  on  admission  he  had  no  physical  signs,  and  was  evacuated  to 
England  on  July  14,  no  operation  having  been  performed. 

Nowadays  shell  fragments  form  by  far  the  greatest  proportion  of  missiles  ; 
commonly  there  are  one  or  two,  but  in  some  eases,  mostly  hopeless,  we  have 
seen  dozens  of  such  fragments  embedded  in  the  brain  (see  Fig.  6). 

Operative  Treatment. — Whilst  tempted,  in  the  early  days,  to  operate  on 
ever}'  case,  and  attempt  removal  of  the  missile  if  not  too  hopelessly  inaccessible, 
lately  we  have  adopted  much  more  expectant  treatment.  If  the  missile  be 
deep  and  the  wound  of  entry  clean,  we  have  left  it  untouched  imless  urgent 
symptoms  arise.  The  following  is  a  good  example  of  the  small  amount  of 
damage  that  a  number  of  missiles  embedded  in  the  brain  may  do. 

Case  4. — Pte.  T.  was  admitted  to  this  hospital  on  June  17,  1916,  suffering  from 
a  grazed  wound  of  the  frontal  region,  evidently  only  superficial.  He  gave  a  history 
of  having  been  wounded  the  previous  March  by  a  rifle  grenade  at  the  back  of  the 
head.  This  wound  must  have  caused  him  little  trouble,  for  he  was  back  with  his 
regiment  nine  days  later.  After  rejoining  he  noticed  a  difliculty  in  controlling  him- 
self, becoming  easily  excited  when  in  the  fire  trenches.  He  had  been  discharged 
from  the  army  in  1906  for  insanity,  and  was  put  into  a  lunatic  asylum  for  some  time 
by  his  own  people.     He  also  had  a  bad  family  history'  of  insanity.  ^  It  is  not  to  be 
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wondered  at,  therefore,  that  he  became  excited  while  under  fire,  and  his  wound 
probably  had  Httle  to  do  with  the  condition.  He  was  also  gassed  on  April  29,  but 
not  sufficiently  badly  to  leave  his  unit. 

Examination  of  his  head  revealed  the  recent  graze  over  the  frontal  region,  and 
a  tiny,  perfectly  healed  wound  of  the  occipital  region  1  inch  above  and  3  inches  to 
the  right  of  the  inion.  A'  rays  showed  no  fracture  under  the  recent  frontal  wound, 
but  a  small  defect  of  the  occipital  bone  under  the  old  wound,  with  a  shell  fragment 
and  many  small  pieces  of  bone  embedded  in  the  right  occipital  lobe.  He  seemed 
normal  in  even*-  way,  and  showed  no  sign  of  intracranial  injurj'.  He  was  evacuated 
to  England  on  June  20,  apparently  quite  well.    ^  ^   t 


Fig.    8. — Position     1.     Gunner   C.    {Case    3.)      A.  Mark-  a   tiiiy  j>erturatiuu  ...   .....    -.v.... 

near  the  vertex.  From  this  a  bullet  has  passed  through  the  brain  and  the  base  of  the  skull 
just  behind  the  right  orbit,  and  Ls  lying  with  the  apex  embedded  in  the  hard  palate.  The 
track  of  the  bullet  Ls  very  faintly  shown. 


When  the  wound  of  entry  is  septic,  and  especially  if  pulped  brain  be 
oozing  from  it,  operative  interference  of  some  sort  is  imperative.  Where  the 
foreign  body  is  inaccessible,  two  inches  or  more  from  the  opening  in  the  dura, 
it  has  been  found  advisable  to  do  nothing  more  than  clean  up  the  wound  of 
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entry,  removing  the  superficial  in-driven  bone  fragments,  and  if  the  track  be 
not  too  hopelessly  septic,  drain  by  lateral  rubber  tubes  placed  in  at  the 
angles  of  the  flap  after  excision  and  suture  of  the  excised  edges  of  the  wound 
of  entry.  We  have  resorted  to  direct  drainage  of  the  track  througli  the  wound 
of  entrj'  for  the  most  part  only  when  we  have  judged  it  to  be  very  septic. 


Fig.  9. — Position  1.  (Case  5.)  Wound  track  through  brain  distended  by  infection 
with  gas-forming  organisms.  A.  Point  of  entrance  ;  B.  Small  fragment  of  shell  lying  in  end 
of  track  underneath  pia  mater.  The  large  main  track  runs  directly  through  the  left  cerebral 
hemisphere,  and  is  much  larger  than  the  entering  missile.  Its  wavy  apjsearance  is  caused 
by  side  pockets  of  gas  contained  in  tracks  which  pass  laterally  ;  C.  A  tiny  fragment  slightly 
above  the  pituitary  gland  lying  at  the  end  of  a  track  which  pa.sses  in  a  crescent  direction 
downwards  and  forwards  from  about  the  middle  of  the  main  track.  The  patient  survived 
for  five  days  after  this  radiogram  was  taken. 

In  one  extraordinary  case  {Case  5)  we  were  able  to  show  by  x  rays  a 
brain-track  giving  a  peculiar  wavy  appearance,  due,  as  autopsy  subsequently 
revealed,  to  a  gross  infection  of  the  track  with  gas-forming  bacilli. 

Case  .5. — Pte.  R.  was  admitted  to  hospital  on  May  22,  1916,  sufTering  from  a 
wound  received  on  May  17.     He  brought  a  note  down  with  him  from  the  casualty 
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Fig.  10. — (Case  G.)  There  is  direct  bruising  of  the  scalp  around  the  entry- wound  over 
the  right  frontal  region.  The  hsemorrhage  around  the  eyes  has  been  extravasated  from 
bleeding  within  the  anterior  fossa.  The  forehead  is  deformed  by  the  uplifted  fragment  of 
the  frontal  bone. 
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clearing  station  saying  that  a  decompression  operation  had  been  performed  around 
the  wound  of  entry-  on  May  19.  He  had  a  deep  gaping  elUptical  wound,  11 J  inches 
behind  the  nasion  (nasion  to  inion  13  inches)  and  2i  inches  to  the  left  of  the  mid-line. 
The  brain  was  exposed  at  the  bottom  of  the  wound. 

X-ray  examination  {Fig.  9)  revealed  a  large  bone  defect  in  the  left  occipital 
region,  with  a  small  shell  fragment  just  inside  the  opening.  From  this  an  extensive 
wa\y  track  passed  forward  to  the  frontal  region,  where  lay  a  shell  fragment  small 
out  of  all  proportion  to  the  very-  large  track  along  which  it  had  passed.     From  the 


Fig.  11. — Positif/n  I.  (Case  6.)  Perforating  wound 'of  frontal  region,  s1io\mii)^  iaix;i' 
'  expressed  '  fragments  of  frontal  bone,  comprising  both  tables,  between  the  wounds  of  exit 
and  entry.     The  ring  marks  woimd  of  entry. 


centre  of  the  main  track  a  subsidiary  trade  passed  downward,  forward,  and  inward, 
terminating  in  the  region  of  the  pituitarj'  fossa,  where  there  lay  another  small 
fragment  of  metal.  A  tentative  diagnosis  of  gas-gangrene  infection  of  the  track 
was  made,  to  account  for  this  unusual  appearance.  The  patient  was  comatose 
on  admission,  and  died  a  week  later.  Autopsy  revealed  a  very  extensive  brain- 
track,  showing  obvious  gas-gangrene  infection,  passing  forward  in  a  manner  shown 
in  the  radiograph. 
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S.  Perforating  wounds,  with  entry  and  exit  wounds  present  in  the 
skull  {Fig.  5). — Wounds  of  this  type  have  been  comparatively  rare,  especially 
since  the  iiniv^ersal  adoption  of  the  helmet  by  our  troops,  but  a  certain 
number  have  jiassed  through  our  hands. 

Biparietal  perforating  wounds,  usually  caused  by  a  rifle  bullet,  have 
perhaps  been  the  most  common  examples  of  this  type,  and  often  in  the  cases 
that  arrive  here,  surprisingly  little  damage  appears  to  have  been  done  to  the 
bone  or  brain.  In  one  case,  Pte.  M.,  a  detailed  report  of  which  has  already 
been  published,*  a  shrapnel  ball  had  passed  through  the  brain  from  one  parietal 
region  to  the  other,  and  was  found  by  x  rays  to  be  lying  between  the  temporal 
muscles  and  the  bone  on  the  side  opposite  to  that  by  which  it  had  entered. 
Beyond  slight  apraxic  symptoms  the  patient  seemed  little  the  worse  for  his 
injury,  and  was  able  to  walk  a  few  weeks  later.  We  have  heard  with  regret 
that  this  patient  has  since  died  after  a  secondary'  operation  for  removal  of 
bone  fragments. 

Perforating  wounds  of  the  frontal  region  have  usually  been  very  severe, 
the  frontal  bone  being  very  extensively  fractured  and  broken  up,  with  great 
destruction  of  the  underlying  frontal  lobes. 

Case  6  (Fig.  10). — Pte.  A.  was  admitted  on  Aug.  22,  1916,  suffering  from  a 
rifle-bullet  wound  of  the  frontal  region  received  on  Aug.  16.  He  was  wearing  a 
helmet,  and  the  bullet  must  have  traversed  the  helmet.  He  was  unconscious  for  a 
time,  but  recovered  sufficiently  to  walk  from  the  trench  where  he  was  wounded  to 
the  dressing  station.  The  wounds  of  exit  and  entrj-  are  well  shown  in  the  figure. 
There  was  much  bruising  and  discoloration  over  the  whole  area  inchided  between 
and  surrounding  these  two  wounds,  and  the  whole  scalp  appeared  uplifted  in  this 
region,  giving  the  patient  an  appearance  uncommonly  like  that  presented  by  a 
case  of  congenital  'tower-skull'.  There  was  also  much  bruising  and  discoloration 
around  both  eyes,  but  no  proptosis. 

X  rays  (Fig.  11)  showed  a  large  plate  of  the  frontal  bone  uplifted  between  the 
wounds  of  entry  and  exit  ;  from  this  a  linear  fracture  passed  back  to  the  region  of 
the  right  coronal  suture.  There  were  no  bone  fragments  driven  into  the  brain.  His 
only  sjinptonis  were  some  drowsiness  and  severe  frontal  headache.  During  the 
first  few  days  after  admission  his  condition  gave  rise  to  anxiety,  and  the  bruising 
and  discoloration  increased  to  an  extent  we  had  not  hitherto  seen.  After  the  first 
week,  however,  he  improved,  the  bruising  subsided,  and  an  a;-ray  photograph  taken 
just  before  discharge  to  England  on  Sept.  8,  showed  the  displaced  plate  of  the  frontal 
bone  beginning  to  drop  into  position  again. 

Although  great  bruising  around  the  eyes,  indicating  a  fracture  into  the 
anterior  fossa,  has  always  been  common  in  frontal  injuries,  it  is  only  lately, 
since  the  introduction  of  the  helmet,  that  cases  showing  severe  mottling  of  the 
scalp,  usually  of  a  purplish  tinge,  have  appeared.  In  the  above  case  it  was 
probably  due  to  squeezing  of  the  scalp  tissues  between  the  uplifted  bone  and 
the  under  surface  of  the  non-yielding  helmet. 

Perforating  wounds  of  the  occipital  region  have  been  rarely  seen,  doubtless 
on  account  of  their  early  fatality. 

We  wish  to  express  our  indebtedness  to  the  Medical  Research  Committee 
for  the  use  of  the  coloured  plate. 

*  Smith  axd  Holsies,  "  A  Case  of  Bilateral  Motor  Apraxia  with  Disturbance  of  Visual 
Orientation,"  Brit.  Med.  Jour.,  1916,  March  25. 
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REPAIR    OF    INJURIES     TO    THE    SKULL    BY     PERFORATED 

PLATES. 

By    a.    B.    MITCHELL,    Belfast. 

Head  injuries  in  the  war  are  so  numerous  and  so  serious  in  their  sequelae  that 
any  means  of  minimizing  their  ill  effects  must  be  worthy  of  consideration. 
For  some  time  past  I  have  been  in  the  habit  of  repairing  gaps  in  the  skull  by 
the  use  of  very  thin  perforated  silver  plates. 

The  silver  is  rolled  out  a  little  thinner  than  an  ordinary  visiting  card, 
and  is  then  punched  Avith  holes  one-eighth  of  an  inch  in  diameter,  as  close 
together  as  possible.     This  has  the  following  advantages : — 

1.  Being  very  thin  the  plate  can  be  readily  adapted  to  the  convexity  of 
the  skull. 

2.  The  perforations  have  the  advantages  that  they  lighten  the  plate ;  they 
admit  of  the  escape  of  blood  or  other  fluid,  so  as  to  avoid  compression  by 
accumulation  between  the  plate  and  the  dura  or  brain  ;  and  they  provide 
a  simple  means  of  fixing  the  plate  in  position. 

Technique  of  Operation. — The  plate,  which  can  be  cut  to  any  required 
size  by  strong  scissors,  is  applied  as  follows  : — 

1.  A  large  flap  of  scalp  is  turned  down. 

2.  The  opening  in  the  skull  is  explored,  any  foreign  body  is  removed, 
adhesions  are  freed,  and  bleeding  is  arrested. 

3.  The  periosteum  is  now  carefully  raised  from  the  skull  for  about  half 
an  inch  all  round  the  gap. 

4.  The  plate,  cut  the  necessary  size  and  shape  (half  an  inch  iit^iameter 
larger  than  the  opening  it  is  desired  to  close),  is  now  slipped  under  the  reflected 
periosteum  and  fixed  in  position  by  a  series  of  catgut  sutures  which,  by  the 
aid  of  a  fully-curved  needle,  are  carried  through  the  periosteum  and  out 
through  any  of  the  perforations  in  the  plate  which  are  most  convenient.  In 
this  way  the  plate  is  securely  fixed  in  position  and  cannot  slip.  The  scalp  flap 
is  now  sutured  in  position,  and  a  drainage  tube  inserted  at  the  most  dependent 
angle  for  twenty-four  hours — otherwise  a  hacmatoma  is  very  likely  to  form. 

Needless  to  say  the  most  rigid  ase[)sis  must  be  observed. 
The  following  case  illustrates  the  benefits  of  this  operation  : — 

Bullet  Wound  over  Left  Motor  Area. 

L  ().  R..  age  *20,  was  wounded  August  26,  1914.  The  bullet,  which  was  found  on 
the  cortex  of  the  brain,  was  removed  at  a  French  hospital.  His  right  side  at  that 
time  was  eompletely  paralyzed.  He  gradually  improved,  and  at  the  end  of  fifteen 
weeks  was  able  to  stand  on  the  right  leg,  and  ultimately  regained  almost  complete 
power  over  his  right  side.  In  .Januan,-,  1915,  he  began  to  have  typical  Jaeksonian 
fits,  commencing  in  the  right  foot  and  spreading  to  the  right  arm  and  face.  When 
admitted  to  my  ward  in  the  Royal  Victoria  Hospital,  May  5,  1915,  he  was  having 
as  many  as  fourteen  fits  per  day.  He  had  a  crucial  scar  and  a  depression  about  the 
size  of  a  penny  over  the  left  motor  area. 
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When  the  scalp  was  reflected  we  found  a  cyst  about  the  size  of  a  hazel  nut  on 
the  cortex  of  the  brain,  in  the  centre  of  which  was  a  small  irregular  piece  of 
bone.  This  was  removed,  and  the  gap  in  the  skull  repaired  by  a  perforated  plate 
as  described  above. 

He  had  a  fit  the  evening  after  operation,  but  has  had  no  recurrence  since  that 
date.  lie  is  now  (Dec.  16.  1916)  at  work  and  in  good  health,  nineteen  months  after 
operation.  A  radiogram,  taken  by  Dr.  Rankin  two  months  after  operation,  showed 
the  plate  still  in  position. 

The  largest  plate  I  have  yet  applied  was  4 J  inches  by  2  J  inches.  The 
patient,  who  was  under  the  eare  of  Dr.  St.  George  in  the  County  Iiifirmary, 
Lisburn.  was  injured  by  shrapnel  on  April  13,  1915.  At  the  time  of  operation, 
Dec.  14,  1915,  he  was  a  confirmed  epileptic.  He  had  a  large  scar  on  the 
right  fronto-parietal  region,  just  in  front  of  the  motor  area.  This  scar  was 
depressed,  adherent  to  the  brain,  pulsated  freely,  and  was  very  tender. 


Fig.  12. — RaclioL'ram  sliowing  perforated  silver  plate  in  position  on  the  skull  five  months 

after  operation, 

With  the  assistance  of  Dr.  St.  George,  the  skull  was  plated  on  April  13, 
1916,  The  accompanying  radiogram,  kindly  taken  by  Dr.  Rankin  on  Sept.  22, 
shows  the  plate  in  position  five  months  after  operation  {Fig.  12).  He  still 
has  some  fits,  but  they  are  not  nearly  so  frequent  or  so  severe  As  before 
operation. 

I  have  now  operated  on  six  of  these  cases.  In  every  instance  primary 
union  was  obtained,  and  marked  relief  followed  the  operation.  None  of 
the  plates  gave  rise  to  any  trouble. 
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THE   REPARATION    OF    CRANIAL   DEFECTS    BY    MEANS    OF 
CARTILAGINOUS    GRAFTS. 

By   H.   L.   warren    VVOODROFFE,   Lyon.    France. 
Surgeon  to  the  Ulster  Volunteer  Hospital. 

The  problem  of  the  reparation  of  cranial  defects  has  latterly  become  one  of 
extreme  importance.  Before  the  War  it  was,  on  the  whole,  rare  to  find  cases 
in  which  lar*je  gaps  had  to  be  left  in  the  skull,  except  where  decompression 
was  performed  for  increased  intracranial  tension,  when  it  was  obviously  to 
the  patient's  advantage  that  the  opening  should  remain  patent.  Now,  we 
see  on  every  hand  cases  of  fractured  skull,  and  they  are  nearly  always  accom- 
panied at  first  by  septic  infection  of  the  brain  and  meninges  ;  a  fact  which 
renders  free  removal  of  bone  an  imperative  necessity,  both  for  purposes  of 
drainage,  and  for  relief  of  the  temporarily  increased  cerebral  tension.  Hence, 
not  only  is  trephining  a  far  more  common  operation  than  formerly,  but  with 
increased  experience  large  openings  have  become  more  and  more  the  rule,  and 
this  in  men  to  whom  a  j)ermanent  cranial  defect  can  be  no  possible  benefit. 

There  are  many  cases  of  trephining  in  which  no  reparative  operation  is 
advisable  :  the  small  trephine  hole,  made  for  a  fissured  fracture,  and  revealing 
an  intact  dura  mater,  has  long  been  known  to  cause  no  trouble.  But  we  do 
not  very  often  have  to  deal  with  such  cases  in  military  surgery.  Where  the 
breach  is  large,  as  it  usually  is,  the  question  of  reparative  operation  is  always 
to  be  considered. 

The  position  of  the  gap  also  makes  a  difference  in  the  symptoms  caused. 
When  it  is  opposite  the  attachment  of  the  falx  cerebri  or  tentorium  cerebelli 
there  are  rarely  any  symptoms  of  importance,  so  much  is  the  dura 
strengthened  from  within.  One  might  indeed  say  (physiologically  speaking) 
that  in  such  cases  one  has  to  deal  with  two  small  openings  rather  than  one 
large  one.  But  the  possibility  of  one  of  the  great  sinuses  being  involved  in 
any  subsequent  injury  to  the  defenceless  spot  must  be  kept  in  view.  Wounds 
of  the  squamous  temporal  bone  are  protected  by  the  temporal  muscle  and 
fascia,  imless  these  are  too  much  destroyed.  But  where  the  frontal,  the 
parietal,  or  the  occipital  bone  (above  the  superior  curved  line)  is  affected,  it 
is  the  rule  and  not  the  exception  to  find  symptoms  of  unstable  intracranial 
equilibrium. 

What  then  are  the  signs  and  symptoms  which  should  lead  a  surgeon  to 
advise  operation  in  these  cases  ?  It  is  not  always  easy  to  know  how  far 
symptoms  should  be  attributed  to  the  cranial  lesion,  and  how  far  to  some 
underlying  cerebral  condition.  It  is  therefore  well  to  assure  oneself  that 
there  is  no  foreign  body  lying  overlooked  in  the  brain  and  really  causing  the 
trouble ;  should  such  be  foimd,  its  removal  (if  practicable)  is  the  logical 
prelude  to  any  attempt  at  repair  of  the  skull. 

The  two  most  important  signs — they  always  go  together — pointing  to  a 
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seriously  weakened  state  of  the  cerebral  defences,  are  visible  pulsation,  and 
impulse  on  coughing.  In  severe  cases  a  definite  bulge  may  even  be  seen  on 
the  occasion  of  any  quick  movement.  The  presence  of  these  signs  may  depend 
on  the  size  of  the  hole,  on  its  position,  on  the  state  of  the  underlyhig  dura,  or 
on  all  of  these  together.  Whatever  the  cause,  they  indicate  that  the  equili- 
brium of  the  brain  is  affected,  that  any  movement  jars  the  delicate  cortical 
tissue  against  the  unyielding  edges  of  the  aperture,  and  that  a  state  of  affairs 
is  present  which  calls  for  remedy. 

The  symptoms  most  complained  of  are  headache,  vertigo,  and  sudden 
blurring  of  the  vision.  Though  these  are  conunon  symptoms  of  cranial  and 
intracranial  trouble,  they  may  fairly  be  laid  to  the  charge  of  the  cranial  defect 
when  they  are  brought  on  by  sudden  movement.  Inability  to  sleep,  except 
with  the  head  raised  or  tightly  bandaged,  and  objection  to  noise,  are  also 
complained  of.  These  symptoms  can  often  be  cured  by  a  cranioplasty.  We 
see  also  cases  where  the  patient  complains  of  pain  and  giddiness  when  the 
slightest  pressure  is  applied  to  the  affected  spot ;  or  where  he  is  obsessed  by 
the  fear  that  any  blow  will  result  in  sudden  death,  and  begs  for  a  protective 
apparatus.  The  value  of  such  apparatus  is  very  doubtful.  It  may  be  useful 
against  outside  injurj',  but  it  cannot  protect  the  brain  from  constant  trauma- 
tism against  the  edges  of  the  gap  ;  in  any  case  the  constant  wearing  of  a 
tightly-fitting  head  covering  is  wearisome,  and  the  result  desired  is  far  better 
obtained  by  an  operation  which  secures  a  permanent  and  physiological 
protection. 

It  is  doubtful  whether  imstable  intracranial  equilibrium  alone  is  a  frequent 
cause  of  Jacksonian  epilepsy.  But  in  any  such  case  of  epilepsy  operation 
is  advisable,  vnth  a  view  to  the  discovery  and  removal  of  the  cause  ;  and  if 
at  the  same  time  the  defect  can  be  closed  without  any  great  increase  of  the 
shock  and  risk  of  the  operation,  there  is  no  reason  to  refrain  from  so  doing. 
There  are  cases  on  record  where  no  cause  for  the  epilepsy  other  than  the 
cranial  breach  was  foiuid,  and  where  the  mere  reparation  of  the  skull  has 
effected  a  cure. 

Finally,  and  an  important  point  in  frontal  wounds,  the  cosmetic  result 
must  be  considered.  A  depressed,  discoloured  scar  on  the  forehead  is  an 
imsightly  thing ;  its  removal  is  in  itself  well  worth  an  ojjeration — certainly 
many  are  performed  for  as  little  or  less. 

Contra-indications  of  the  Operation. — These  come  under  two  headings  : 
(1)  General ;    and  (2)  Local. 

1.  The  former  are  those  which  have  to  be  taken  into  accomit  in  the  case 
of  any  operation  of  expediency.  No  surgeon  of  course  would  operate,  except 
in  a  case  of  extreme  urgency,  on  a  diabetic,  a  consumptive,  or  a  man  vWth 
advanced  heart  disease  or  Bright's  disease.  But  such  cases  rarely  come  into 
the  sphere  of  military  surgery,  and  it  is  with  this  branch  that  we  are  mainly 
concerned.  Bronchitis  is  a  contra-indication  :  where  any  cough  causes  a 
cerebral  impulse,  frequent  coughing  Avould  tend  to  displace  any  material  used 
to  fill  a  gap  in  the  skull :  moreover,  in  the  case  of  the  operation  we  proix)se 
to  describe,  where  the  grafts  are  taken  from  the  lower  costal  cartilages 
coughing  is  painful  in  the  extreme  during  the  first  few  days  after  operation. 
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So,  if  any  bronchitis  be  present,  measures  should  be  taken  to  cure  it  before 
proceeding  to  a  reparation. 

2.  The  local  contra-indications  are  two  :  One  should  not  operate  while 
there  is  anything  present  to  favour  sepsis — that  is  to  saj^  not  until  the  wound 
has  healed  and  the  last  scab  dropped  off.  Nor  should  one  repair  the  cranial 
gap  while  there  is  any  marked  bulging  or  any  sign  of  increased  intracranial 
tension.  The  mere  size  of  the  gap  is  no  contra-indication,  except  in  so  far  as 
some  are  too  small  to  be  worth  repairing  ;  no  gap  compatible  with  life  is  too 
large  to  be  repaired,  and  the  larger  the  gap  the  greater  the  need  for  repair. 

Forms  of  Operation. — Many  are  suggested.  Following  Mauclaire,  we  may 
classify  them  thus  : — 

1.  Periosteal,  Osteo-periosteal,  and  Cutaneo-osteo-periosteal  CranioplaMy. — 
These  operations,  to  be  efficient,  involve  the  removal  of  part  of  the  outer 
table  of  the  skull  adjoining  the  breach.  This  is  a  matter  of  some  difficulty, 
with  considerable  shock,  and  necessitates  the  use  of  expensive  apparatus  such 
as  an  Albee's  bone  set. 

2.  Bone  grafts. — These  may  be  autoplastic,  making  use  of  the  ribs 
(Kahle),  great  trochanter  (Mauclaire),  scapula  (Leclerc),  or  tibia  (Dela- 
geniere) ;  these  are  all  operations  of  some  magnitude,  and  involve  a  consider- 
able waiting  period.  The  use  of  homoplastic  grafts  is  limited  by  the  difficulty 
of  finding  a  suitable  subject  to  take  them  from.  Heterogenous  grafts  may 
be  used — for  example,  the  bone  of  a  dog  (Macewen,  Ricard) — but  these  are 
open  to  the  same  objections  as  all  heterogenous  work. 

3.  Sterilized  decalcified  bone  may  be  used. 

4.  Prosthetic  methods,  such  as  the  use  of  plates  of  gold  (Estor)  or  ivory 
(Mauclaire). — These  may  give  excellent  results,  but  they  are  open  to  the 
objection  urged  against  the  introduction  into  the  tissues  of  any  non-absorbable 
foreign  substance — that  it  may,  and  often  does,  come  to  act  as  an  irritant. 
While  this  does  not  matter  much  in  the  case  of  a  bone  plate  which  can  be 
removed  when  its  work  is  done,  it  is  a  serious  thing  when  the  removal  of  the 
foreign  substance  would  undo  all  the  work  of  the  operation. 

5.  Cranioplasty  by  means  oj  cartilaginous  grajts. — This  is  to  our  mind  the 
best  and  most  universally  applicable  of  all.  It  is  at  once  safe  and  simple,  and 
the  shock  is  minimal ;    the  grafts  are  autoplastic. 

The  operation,  first  described  by  Morestin  in  February,  1916,  consists 
briefly  in  the  filling  of  the  gap  with  grafts  taken  from  the  lower  costal 
cartilages.  It  was  brought  to  our  notice  by  M.  Villandre,  of  Lyon,  who  is 
responsible  for  some  notable  improvements  in  the  technique.  The  advantages 
are  as  follows  : — 

i.  The  grafts  are  autogenous. 

ii.  The  shock  to  the  patient  is  very  small,  the  suffering  entailed  is  not 
great,  and  the  risk  in  suitable  cases  is  practically  nil. 

iii.  The  object  is  rapidly  attained  :  most  patients  leave  hospital  with  a 
solid  skull  at  the  end  of  a  month  or  five  weeks. 

iv.  There  is  no  need  to  wait,  as  in  the  case  of  bone  grafts,  for  several 
months  after  the  wound  has  healed  before  proceeding  to  operation ;  the 
cartilage  appears  to  possess  a  power,  unknown   to  bone  grafts,  of  resisting 
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infection.  Villandre  reports  a  case  where,  in  spite  of  a  mild  suppuration, 
the  grafts  survived  and  soHdified.  We  have  operated  on  more  than  one 
case  less  than  a  week  after  the  last  crusts  had  separated,  and  had  no  reason 
to  regret  it.  Villandre  repaired  thirty-two  out  of  his  first  sixty-four  cases 
less  than  four  months  after  the  injury  was  received.  This  is  a  point  of  great 
importance  in  military  surger\\ 

V.  The  operation  is  not  a  difficult  one,  and  requires  no  special  plant. 

vi.  In  frontal  cases  it  gives  an  opportunity  for  moulding,  and  readily 
allows  of  cosmetic  results  only  obtained  with  difficulty  by  other  methods. 

TECHNIQUE     OF     THE     OPERATION. 

Preparation  of  the  Patient — The  entire  scalp  is  shaved,  and  the  eye- 
brows if  necessary,  as  are  the  chest  and  upper  abdomen.  The  skin  of  the 
operation  areas  is  disinfected  with  iodine,  and  surrounded  with  sterile  towels 
(those  over  the  chest  should  be  covered  with  another  until  such  time  as 
the  grafts  are  to  be  cut).  A  screen  is  absolutely  necessary  between  the 
anicsthetist  and  surgeon,  and  attached  to  the  patient's  forehead,  not  only  for 
asepsis,  but  to  serv  e  as  a  point  of  attachment  for  ha*mostatic  forceps  used  to 
retract  the  skin  flaps. 

The  Anaesthetic. — The  anaesthetist  works  under  difficulties,  so  if  possible 
some  dosimetric  apparatus  should  be  used.  Whether  chloroform  or  ether  be 
employed  does  not  seem  to  matter.  Deep  anaesthesia  is  only  necessary  when 
cutting  the  grafts.  In  France,  regional  anjcsthcsia  is  often  used  ;  but  though 
this  abolishes  the  otherwise  necessary  proximity  of  operator  and  anaesthetist, 
it  is  not  to  be  recommended  ;  ver\'  thorough  aiuesthetizing  of  several  inter- 
costal nerves  (the  5th  to  the  9th)  is  necessary.  The  operation  offers  a  field 
for  the  rectal  administration  of  ether,  to  which  we  propose  to  give  a  trial. 

The  SIdn  Incision  and  Resection  of  Fibrous  Tissue. — The  area  of  the 
wound  is  most  frequently  found  occupied  by  fibrous  tissue,  which,  if  on  the 
forehead,  is  very  disfiguring,  and  in  any  case  gives  an  insecure  hold  to  stitches. 
The  incision  should  therefore  allow  for  a  free  resection  of  this,  and  should 
leave  at  least  a  sixteenth  of  an  inch  of  healthy  skin  to  be  resected  along  with 
it.  From  the  periphery'  of  this  wound  cuts  may  be  made  as  desired,  if  more 
room  be  needed.  If  the  original  wound  has  been  sutured,  and  there  is  no 
cicatricial  tissue  to  be  excised,  one  should  keep  to  the  old  line. 

The  classical  horseshoe  flap  should  not  be  used,  for  it  is  apt  to  leave  a 
pocket  which  encourages  the  formation  of  a  haematoma  (see  Case  2).  Indeed, 
if  the  original  incision  has  been  a  horseshoe  one,  it  is  best  to  discard  it 
(except  on  the  forehead,  when  for  cosmetic  reasons  it  must  be  adhered  to), 
and  make  a  crucial  incision  with  the  cross  over  the  middle  of  the  hole,  giving 
four  triangular  flaps.  An  exception  to  this  rule  is  in  wounds  involving 
the  temporal  muscle — the  splitting  of  which  barely  gives  room  to  work — when 
it  is  best  to  turn  down  a  flap.  The  flaps  thus  marked  out  are  carefully  dis- 
sected back  until  the  whole  of  the  cranial  gap  is  felt  to  be  exposed.  The 
plane  of  dissection  is  the  sub-aponeurotic  layer  ;  if  this  be  carefully  adhered 
to,  it  is  easy  to  bring  the  skin  edges  together  later,  and  compensate  without 
vmdue  tension  for  quite  large  cicatricial  areas  (see  Figs.   16,  17). 
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We  now  proceed  to  the  excision  of  the  island  of  scar  tissue  left  in  the 
middle.  Here  one  must  work  with  the  greatest  care,  rememberinjT  that  the 
dura  has  probably  been  injiued  and  may  only  be  represented  by  a  thin  layer 
of  fibrous  tissue.  The  plane  of  dissection  should  therefore  be  kept  close  to 
the  surface.  Should  there  be  an  escape  of  cerebrospinal  fluid,  the  rent  should 
at  once  be  sutured  ;  if  this  be  impossible  owing  to  the  friability  of  the  tissues, 
a  muscular  or  fascial  graft  should  l)c  used. 

The  Cleaning  of  the  Edges  of  the  Gap. — The  pericranium  is  incised  with 
the  point  of  the  knife,  keeping  as  close  as  possible  to  the  edge  of  the  gap. 
This  must  be  done  with  great  care,  as  a  slip  might  have  disastrous  conse- 
quences. Bleeding  is  usually  so  free  as  to  obscure  the  vision,  and  the  work 
has  to  be  done  by  touch.  When  completed,  the  edges  of  the  aperture  are  care- 
fully cleared  with  a  rugine.  This  must  be  done  thoroughly,  right  down  to  the 
dura,  and  the  surgeon  must  not  be  satisfied  imtil  he  can  sweep  the  edge  of  the 

rugine    round    between    the    deep 


Edge  of  Pericranium 

Fibrous  Tissue 
replacing  Dura 


Frc.  13. -Diagram  to  nhow  the  clearing  of 
the  margins  of  the  bone  opening,  inehiding  tho 
separation  of  tlie  dura  on  the  deep  surface. 


surface  of  the  skull  and  the  dura 
mater  {Fig.  13). 

Should  this  step  be  inade- 
quately carried  out,  a  projecting 
spine  may  be  missed  on  the  deep 
edge  of  the  hole,  which  might 
cause  epilepsy  by  pressing  on  the 
brain.  All  roughnesses  or  projec- 
tions are  removed  with  a  gouge 
forceps.  Any  slight  cerebral  hernia 
present  now  falls  back,  or  can  be 
gently  pressed  into  place  (the  opera- 
tion should  not  be  undertaken  in 
the  presence  of  more  than  a  very  slight  degree  of  hernia). 

The  surgeon  is  now  faced  b}^  a  clean  hole  in  the  skull,  displaying 
a  mass  of  fibrous  tissue  \vith  slightly  raised  edges.  It  is  an  easy  matter 
to  scrape  this  mass  away  with  a  curette,  but  it  should  not  be  done.  To 
begin  with,  the  dura  may  be  non-existent,  and  such  a  proceeding  would  only 
open  up  the  sub-arachnoid  space.  Even  if  this  complication  be  avoided, 
there  is  very  free  oozing  :  in  two  eases  {Cases  3  and  4)  we  ascribe  the 
formation  of  a  hscmatoma  to  our  having  taken  this  step.  Should  there  be 
too  much  fibrous  tissue,  it  is  better  to  clip  it  away  with  scissors  ;  but  even 
this  is  not  necessary.  The  fear  at  first  experienced  of  piling  on  too  much 
tissue,  and  causing  pressure,  is  unfounded  ;  the  real  difficulty  is  to  avoid 
recession  of  the  grafts,  with  subsequent  depression. 

If  the  dura  is  to  be  opened,  it  shotdd  be  done  at  this  stage ;  but  this  is 
rarely  necessary,  and  should  only  be  done  when  there  is  some  definite  indica- 
tion of  underlying  mischief.  A  swab  wnuig  out  of  peroxide  of  hydrogen  (to 
stop  the  oozing)  is  placed  in  the  wound,  the  flaps  are  turned  back  over  it,  and 
the  head  is  covered  with  a  sterile  towel.  If  any  bleeding  points  are  foiuid  when 
the  wound  is  reopened  later,  they  can  then  be  dealt  with  by  juider-nmning. 

The  Cutting  of  the  Cartilaginous  Grafts. — These  are  taken  from  the 
6th,  7th,  and  8th  costal  cartilages,  and  should  for  convenience  be  cut  from 


THE    EEPARATIOX    OF  CEAXIAL  DEFECTS       47 

the  same  side  as  the  head  wound.  The  usual  incision  is  one  parallel  to 
and  a  little  above  the  costal  margin.  After  our  first  three  cases,  however,  we 
adopted  a  vertical  one,  two  finger-breadths  outside  the  edge  of  the  sternum. 
This  gives  equally  good  access ;  can  more  easily  be  extended  if  necessan*'  : 
the  haemorrhage  is  less ;  and  it  has  the  great  advantage  of  splitting  instead 
of  cutting  across  the  upper  fibres  of  the  rectus. 

The  cartilages  having  been  thus  exposed,  shavings  are  taken  of  about 
half  their  thickness.  Care  should  be  taken  not  to  cut  through  the  entire 
thickness  of  a  fixed  cartilage ;  but  the  whole  tip  of  a  floating  one  may  be  taken. 
It  is  well  to  take  what  seems  to  be  considerably  more  than  enough  cartilage 
to  fill  the  gap.     Each  graft,  as  cut,  is  dropj^ed  into  warm  saline  solution. 

To  facilitate  this  work  at  the  bottom  of  a  hole,  M.  Villandre  has  devised 
an  ingenious  knife,  the  blade  of  which  is  set  on  a  shank,  bayonet-wise 
{Fig.  14).  This  enables  the  grafts  to  be  cut  evenly  by  keeping  the  blade  of 
the  knife  flat. 


Fig.  14.  —Knife  with  shank  i<«>t  at  an  angle  for  cutting  grans  irom  the 
costal  cartilages.       Designed  by  M.  Villandre. 

In  operations  on  the  occipital  region,  this  stage  must  be  carried  out  first, 
and  the  wound  sutured  before  turning  the  patient  to  incise  the  head  ;  other- 
wise it  is  best  to  pack  the  wound  with  gauze,  and  proceed  at  once  to  transfer 
the  grafts. 

Placing  the  Grafts. — The  chief  difficulty  is  to  keep  these  from  sUpping. 
To  this  end  it  has  been  proposed  to  push  the  edge  of  the  graft  between  the 
skull  and  the  dura  ;  theoretically,  this  might  cause  a  rise  of  intracranial 
pressure  ;  practically,  the  edge  of  the  skull  is  bound  to  show  as  a  ridge.  It 
has  also  been  suggested  to  groove  the  diploe  with  a  chisel,  and  push  the  grafts 
into  the  groove,  a  step  which  would  certainly  prolong  the  operation  and 
increase  the  shock. 

A  very  simple  and  rapid  method  is  that  of  Villandre.  One  end  of  a 
fine  catgut  stitch  is  passed  through  the  pericranium,  and  tied.  It  is  then 
passed  through  the  pericranium  on  the  other  side  of  the  gap,  and  taken 
backwards  and  forwards  in  a  zigzag  manner  till  the  hole  is  covered  in  with  a 
trellis.  In  the  case  of  a  very  large  gap  it  is  wise  to  supplement  this  network 
by  a  second,  at  right  angles  to  it,  and  to  insinuate  the  grafts  between  the  two 
layers.  We  have  now  a  small  chamber  bounded  by  the  dura,  the  edges  of  the 
skull,  and  our  trellis,  into  which  the  grafts  can  be  slipped  with  a  forceps 
{Fig.  15).  It  is  advised  to  apply  the  perichondral  surface  to  the  dura,  in 
order  to  avoid  adhesions  ;  in  any  case  it  is  easier,  as  the  grafts  curl  when 
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cut,  the  perichondrium  beinjj  in  the  concavity.  They  should  overlap  every- 
where, and  may  well  be  doubled,  as  some  slight  recession  always  takes  place, 
and  those  cases  give  the  best  final  result  which,  at  the  end  of  the  operation, 
show  a  slight  boss.  When  the  frontal  or  temporal  regions  are  involved,  it  is 
well  carefully  to  study  the  sound  side  before  operating  ;  it  is  then  possible  to 
restore  almost  exactly  the  symmetry  of  the  forehead. 

Suture  of  the  Wounds. — In  this  step  great  care  must  be  exercised  to 
obtain  as  perfect  a  scar  as  possible.  If  haemostatic  forceps  are  left  on  till 
the  woimd  is  to  be  closed,  Hgature  of  vessels  is  rarely  necessary.  To  get 
perfect  apposition  it  is  well  to  put  one  or  two  mattress  sutures  in  each  limb  of 
the  incision,  supplemented  by  a  continuous  blanket  stitch,  or  (in  the  case  of 
the  forehead)  by  interrupted  sutures  of  horsehair  on  a  roimd  needle.  Where 
the  cosmetic  effect  is  of  importance,  it  is  advisable  to  begin  the  suture  at  the 
most  invisible  end  of  the  wound.  W^e  hav^e  found  it  well  to  leave  a  silkworm- 
gut  drain  in  the  posterior  corner  of  the  wound.  The  thoracic  wound  is  closed 
in  layers.  Time  can  be  saved  by  the  assistant  doing  this  while  the  surgeon 
sews  up  the  head. 


Fig.  15. — Diagram  showing  cartilaginous  grafts  inserted 
between  trellis  and  dura  mater. 


After-Treatment. — A  hypodermic  injection  of  morphine  and  atropine  is 
given  as  soon  as  the  patient  begins  to  recover  consciousness.  This  may  have 
to  be  repeated,  as  the  pain  in  the  thoracic  wound  is  at  first  acute.  The  head 
is  inspected  on  the  second  day,  and  the  drain  removed.  The  stitches  may  be 
removed  at  the  end  of  the  week,  when  the  patient  is  generally  allowed  up. 
At  the  end  of  a  fortnight  the  skull  is  usually  hard,  though  slightly  elastic,  and 
all  dressings  may  be  discontinued. 

RESULTS. 

It  is  necessary  to  be  quite  clear  as  to  what  the  surgeon  intends  to  achieve 
when  he  performs  a  cranioplasty.  It  is  not  possible  to  remove  troubles  due 
to  brain  lesions,  but  only  to  protect  the  brain  from  further  injury,  especially 
from  repeated  slight  trauma  due  to  continual  impact  against  the  edge  of  the 
breach.  He  must,  therefore,  before  operating,  make  up  his  mind  what 
symptoms  really  are  due  to  the  cranial  defects,  so  as  to  be  able  to  explain  to 
the  patient  how  much  relief  he  may  expect.  Viewed  from  this  standpoint, 
the  results  are  very  satisfactory.  It  is  usual  to  find  that  the  headache  is  less, 
that  the   patient   suffers   less   from   noise,   and   can   make   efforts   previously 
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impossible  ;  not  infrequently  he  can  bend  forward  quickly  without  any  vertigo. 
These  events  do  not  come  immediately,  nor  even  as  soon  as  the  grafts  have 
solidified  ;  but  at  the  end  of  about  six  weeks  considerable  improvement  is 
usually  shown. 

A  few  statistics  may  be  helpful  :  Gosset,  in  May,  1916,  reports  32  cases, 
with  2  deaths  (from  bronchopneumonia)  and  30  successes ;  Villandre,  in 
October,  1916,  64  cases,  with  63  successes.  These  observers  probably  count 
their  successes  from  the  point  of  view  of  the  solidification  of  the  breach. 
Marie,  in  reporting  on  21  cases  in  which  mechanical  success  was  achieved, 
notes  '6  improved  as  regards  symptoms,  12  stationary,  and  3  aggravated. 
This  is  probably  an  unfortunate  experience.  Of  the  7  cases  operated  upon 
in  the  Ulster  Volunteer  Hospital,  6  have  shown  definite  improvement  in  the 
symptoms,  while  all  7  have  solid  skulls. 

As  regards  the  militarj'^  fate  of  the  patients,  very  few  are  able  to  go  back 
to  the  front ;  it  is  found  that  the  strain  and  noise  bring  on  a  return  of  the 
symptoms.  Most  of  them,  however — in  fact,  practically  all  who  have  not 
sustained  some  deeper  injur\' — are,  at  the  end  of  a  few  months,  fit  to  do 
useful  work  in  the  auxiliary  ser^•ices. 

The  ultimate  jate  of  the  grojts  has  not  yet  been  decided.  Only  time  and 
the  jc  rays  can  show  whether  they  remain  cartilaginous,  or  ossify.  So  far, 
radiograms  taken  at  the  end  of  some  months  tend  to  uphold  the  former  view. 
Sicard  was  obliged,  because  of  return  of  the  symptoms,  to  remove  a  graft  at 
the  end  of  four  months.  He  found  no  sign  of  ossification,  or  even  of  calci- 
fication. The  line  of  demarcation  between  bone  and  cartilage  was  perfectly 
clear,  the  two  being  firmly  fixed  together  by  fibrous  tissue. 

NOTES    OF    SEVEN    CASES    OPERATED    UPON    IN  THE  ULSTER  VOLUNTEER 

HOSPITAL. 

Case  1. — Soldat  F.  G.  Wounded  on  May  19,  1916,  in  the  left  frontal  region. 
Operated  on.  May  20.  Projectile  removed  from  fracture  of  skull  ;  a  piece  of  the 
inner  table  which  had  been  driven  some  3  or  4  mm.  into  the  brain  was  also  removed, 
as  were  several  splinters  from  the  dura. 

On  Admission,  June  26. — A  triradiate  scar  in  the  left  frontal  region  ;  depression 
over  an  area  the  size  of  a  florin  ;  pulsation  and  impulse  on  coughing  marked.  No 
motor  symptoms.     Headache  ;    vertigo  on  bending  forward. 

Gradual  cicatrization  of  wound. 

Opkration,  Sept.  5. — Cartilaginous  cranioplasty,  with  excision  of  the  cicatrix. 
The  gap  was  an  irregular  triangle,  apex  downwards,  with  a  side  of  about  one  and  a 
half  inches. 

The  sequelae  were  excellent.  The  skull  was  quite  hard  at  the  end  of  the  month. 
He  was  discharged  convalescent  on  Oct.  7.  He  still  suffered  from  headache,  but 
much  less,  and  could  bend  forward  without  any  trouble. 

Case  2.— Soldat  C.  T.     Wounded  on  Aug.  15,  1916.     (No  notes.) 

On  Admission,  Sept.  3. — The  patient  presented  a  horseshoe  scar,  almost  healed, 

on  vertex.     Trephine   hole  about   1^   in.  in  diameter.     No  pulsation  ;    verj^  slight 

impulse  on  coughing  ;    no  headache  or  other  symptoms  ;    but  any  pressure  on  the 

gap  causes  acute  pain. 

Operation,    Sept,    16. — Cranioplasty.     The    old    semicircular    flap    was    again 

raised.     He  developed  a  small  haematoma,  which  was  absorbed  at  the  end  of  three 

weeks. 
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When  (lisclmrjiod  on  Oct.  21,  the  skull  was  quite  solid  hihI  he  could  stand 
considerable  pressure  on  the  gntfts. 

Case  3. — Soldat  A.  G.  Patient  was  wounded  on  Aug.  2,  1916.  (No  notes.) 
Admitted  to  hospital  on  Sept.  3. 

On  Admission. — There  was  a  large  depression  in  right  parietal  area  ;  the  wound 
was  nearly  healed.  Marked  pulsation,  and  impulse.  Headache  ;  giddiness  ;  insomnia. 
Slight  weakness  in  left  hand. 

Operation,  Oct.  4. — Cranioplasty.  A  crucial  incision  was  made  The  fibrous 
tissue  covering  the  dura  was  scraped  off.  Tiie  hole  measured  about  2  in.  by  2|  in.  A 
large  ha;matoma  formed  and  had  to  be  evacuated. 

Nearly  a  month  after  operation  there  was  still  some  pulsation  in  the  centre, 
but  by  Nov.  25  the  grafts  were  solid,  and  all  impulse  on  coughing  had  gone.  His 
hand  was  quite  strong.  He  still  suffered  from  headache,  giddiness,  and  insomnia  as 
much  as  before  the  operation. 

Case  4. — Soldat  L.  G.  This  patient  was  wounded  on  Aug.  18,  1916,  and 
admitted  on  Sept.  3.     (No  notes.) 

On  Admission. — Patient  presented  a  granulating  wound  at  vertex.  There  was 
visible  pulsation  ;    impulse  on  coughing  ;    headache  ;  and  vertigo  on  bending  forward. 

Operation,  Oct.  11. — Cranioplasty  (Dr.  J.  A.  Small).  A  crucial  incision  was 
made  ;  the  fibrous  tissue  covering  the  dura  was  curetted  away  ;  a  silkworm-gut 
drain  was  employed.     The  defect  was  about  Ij   in.  in  diameter. 

In  spite  of  the  drain,  a  small  haematoma  formed.  By  Oct.  19,  however,  there 
was  no  pulsation  in  the  head,  and  at  the  end  of  the  month  the  graft  was  quite  solid. 
When  discharged  convalescent  on  Nov.  11,  the  headache  and  vertigo  were  much  less. 

Case  5.— Soldat  J.  P.  Was  wounded  Aug.  2,  1916,  and  admitted  Sept.  2.  The 
notes  only  say  "Trephined  at  Front — -loss  of  brain  matter— vision  of  right  eye 
diminished." 


l''i<,.   10. — Case  5.     Before  operation. 


l"'lG.   17. — Case  5.     After  operation. 


On  Admission. — There  appeared  a  depressed  granulating  wound  above  the 
right  outer  canthus.  The  depression  was  triangular,  with  sides  about  1|  in.  long. 
Visible  pulsation,  with  impulse  on  coughing.     Headache  and  vertigo. 
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Operation,  Oct.  18. — Cranioplasty.  The  scar  was  excised.  During  the  opera- 
tion the  dura  was  accidentally  opened  ;  it  was  closed.  Gap  about  2  in.  by  1  in. ; 
drainage. 

Perfectly  satisfactory-  healing  of  the  wound  followed,  and  consolidation  of  the 
graft;  Patient  can  now  (Nov.  25)  bend  forward  with  hardly  any  vertigo,  and  has 
had  no  headache  for  some  days.     The  vision  is  clearing  up.     {Figs.  16,  17.) 

Case  6. — ^Soldat  E.  B.  This  man  received  his  wound  on  Aug.  21,  1916,  and 
was  admitted  Sept.  3.  The  notes  say  :  "  Enlargement  of  scalp  wound  ;  depressed 
fracture  of  skull  ;    fragment  removed  ;    dura  intact." 

Ox  Admission. — There  was  a  small  depressed  wound  about  1  in.  above  and 
behind  the  right  ear,  with  visible  pulsation,  pain  on  pressure,  and  headache. 

Operation,  Oct.  23. — Cranioplasty.  A  round  hole  about  1  in.  in  diameter  was 
found. 

The  wound  was  perfectly  healed  on  Xov.  25.  and  the  skull  quite  solid.  He  had 
much  less  headache,  and  listened  to  an  opera  with  pleasure. 

Case  7. — Soldat  F.  G.  This  man  was  wounded  on  Aug  1,  1916,  and  the  notes 
say  :  "  Furrow  in  right  frontal  region  ;  cerebral  irritation  ;  internal  strabismus. 
Operation  on  Aug.  3  :  Removal  of  three  splinters  of  skull  from  scalp  ;  gutter 
fracture  found  ;  trephined  ;  incision  of  dura  ;  considerable  subdural  infection. 
Sustained   improvement." 


Fig.    18. — Case  7.     Before  operation. 


Fig.    19. — Case  7.     After  operation. 


On  Admission. — A  granulating  wound  about  2J  in.  by  1  in.  above  and  external 
to  right  eye  ;  visible  pulsation,  with  impulse  on  coughing.  On  Sept.  4,  much  better  ; 
up  ;    cannot  bend  forward  ;    and  sleeps  badly. 

Operation,  Oct.  28. — -Cranioplasty.  Excision  of  the  scar ;  irregular  oval 
gap  about  If  in.  by  1  in. 

Patient  had  a  very  slight  attack  of  epilepsy  on  the  next  day.  The  wound  was 
perfectly  healed  by  Nov.  25,  and  the  grafts  are  solid.  He  sleeps  well,  has  no 
headache,  and  can  touch  his  toes  with  verv  little  discomfort.     [Figs.  18,  19.) 
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SUMMARY. 

It  appears  that  in  six  out  of  seven  cases  we  have  improvement,  and 
in  most  considerable  improvement,  of  the  symptoms  complained  of.  Why 
Case  3  remains  in  his  former  state  it  is  hard  to  say  ;  if  his  condition  gets  any 
worse  it  will  probably  be  necessary  to  remove  the  graft.  In  Cases  1,  5,  and  7 
the  cosmetic  result  alone  was  worth  the  trouble,  IiLxcejit  where  noted  to 
the  contrary,  the  technique  employed  was  that  described.  We  attribute  the 
ha^matoma  formation  in  Case  2  to  the  use  of  a  horseshoe  flap,  in  Cases  3  and  4 
to  our  error  in  scraping  the  fibrous  tissiie  off  the  dura  ;  we  have  modified  our 
technique  accordingly. 

To  sum  up  :  While  no  one  would  maintain  that  every  case  of  craniotomy 
should  undergo  a  reparative  operation,  a  very  large  percentage  of  such  cases 
show  symptoms  which  can  be  cured  by  cranioplasty.  While  many  methods 
have  been  suggested,  Morestin's  cranioplasty  by  means  of  cartilaginous  grafts 
is  one  of  the  easiest  to  perform  ;  it  can  be  undertaken  at  a  comparatively 
early  date  ;  it  gives  a  very  high  percentage  of  good  results  ;  the  time  of 
waiting  for  these  results  is  short,  and  the  operation  is  no  more  dangerous  to 
the  patient  than  is  a  radical  cure  of  inguinal  hernia. 

No  originality  is  claimed  for  this  paper,  which  merely  sets  forth  the  work 
of  others  ;  but  should  it  do  anything  to  popularize  this  most  useful  operation 
among  British  surgeons,  the  writer  will  be  amply  rewarded. 

The  writer's  best  thanks  are  due  to  M.  Villandre,  not  only  for  introducing 
the  operation  to  his  notice,  but  also  for  much  valuable  help  in  the  description 
of  the  technique,  which  (as  here  described)  is  almost  as  much  due  to  M. 
Villandre  as  to  the  original  author. 

Figs.  13  and  15  are  the  work  of  Miss  D.  Stronge,  senior  V.A.D.  member 
of  the  hospital  nursing  staff.  The  photographs  were  taken  by  M.  Oulmann, 
of  Lyon. 
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SEPTIC  PERITONITIS:    TREATMENT  BY  Ci^COSTOMY. 

Bv    .VRTHUR    J.    XYULASY,    Perth,    Australia. 

After  operation  on  a  septic  focus  within  the  abdomen,  or  after  the  preliminary 
pain  and  shock  of  an  abdominal  catastrophe,  or  as  the  result  of  hematogenous 
infection  of  the  peritoneum,  the  collection  of  symptoms  known  as  'septic 
peritonitis'  may  appear.  In  the  fully  developed  clinical  picture  there  are  two 
constants,  viz.  (1)  Intestinal  paralysis,  and  (2)  Toxaemia.  We  also  have  to 
distinguish  two  more  or  less  distinct  pathological  types,  namely  (1)  With 
extensive  inflammation  of  the  |)eritoneum  and  little  or  no  free  fluid  in  the 
abdomen,  and  (2)  With  much  free  fluid  but  little  inflammation. 

The  Two  Clinical  Constants. — 

Intestinal  Paralysis. — There  is  cessation  of  the  passage  of  gas  and  faeces, 
and  bowel  soimds  are  negative  to  the  stethoscope,  i.e.,  there  is  acute  intestinal 
stasis. 

Toxcemia. — This  is  indicated  by  raj)id  progressive  general  deterioration, 
the  pulse  and  respiration  quickly  reaching  a  high  grade  of  frequency,  the  blood- 
pressure  falling  greatly,  restlessness  and  thirst  becoming  marked,  the  patient 
feeling  weak,  showing  a  'dirty'  pallor,  and  looking  ill,  worn,  and  anxious, 
and  dying  in  a  day  or  two  with  sunken  eyes,  pinched  nose,  livid  lips,  and  cold, 
clammy,  tremulous  extremities  ;  the  mind  being  clear,  or  delirium  or  euphoria 
being  present  before  the  end. 

Qualitatively,  intestinal  paralysis  and  toxjcmia  are  the  two  clinical  con- 
stants. Such  symptoms  as  distention,  vomiting,  fever,  and  pain  may  or  may 
not  be  prominent  features.  Thus,  while  distention  is  often  marked,  there  are 
cases  in  which  it  is  absent,  the  abdomen  being  perhaps  actually  scaphoid. 
Vomiting  is  frequently  a  striking  symptom,  but  in  some  of  the  worst  cases  it 
may  be  absent.  It  is  usually  of  the  regurgitant  type,  and  in  rare  instances 
becomes  definitely  fa*cal.  The  vomitus  often  consists  of  dirty-looking  ill- 
smelling  fltiid,  with  solid  dark  flecks  distributed  through  it  ('beef-tea  vomit'). 
While  the  bowels  are  in  most  cases  obstinately  confined,  there  are  instances  in 
which  actual  diarrhoea  is  present.  Whether  this  is  due  to  irritation  or  to  an 
overflow  is  not  decided,  but  experiments  on  animals  suggest  that  it  is 
toxa^mic.  The  temperature  is  a  variable  sign,  but  is  likely  to  be  subnormal 
with  the  marked  prostration  of  the  later  stages  of  septic  peritonitis.  Pain 
and  tenderness  may  be  pronounced  or  very  slight,  being  more  notable  in  cases 
with  extensive  inflammation  of  the  peritoneum.  Pain  in  the  diaphragmatic 
region  is  in  my  experience  a  bad  sign.  Tenderness  is  best  elicited  by  what  I 
call  the  '  staccato  touch,'  the  abdomen  being  struck  lightly  and  sharply  with 
the  tip  of  the  finger.  This  may  bring  out  tenderness  as  a  sort  of  wave  over 
the  whole  abdomen,  Avhile,  if  there  is  much  free  fluid  in  the  abdomen,  the 
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sound  of  percussed  fluid  may  be  distinctly  heard  ('staccato  sign').  F'urther- 
niorc.  the  staccato  touch  may  bring  on  regurgitant  vomiting  when  it  has 
momentarily  ceased.  From  what  has  been  stated  it  will  be  seen  that  the  only 
absolutely  constant  feature  of  septic  peritonitis  is  the  progressive  general 
deterioration. 

QiKiiititatively,  intestinal  paralysis  and  toxjemia  vary  directly  the  one  as 
the  other,  this  depending  on  the  fact  that,  as  the  result  of  acute  stasis,  a 
virident  toxin  is  formed  in  the  paralyzed  intestines,  and  the  more  complete 
the  paralysis  the  greater  the  amount  of  toxin  produced.  This  toxin  is  very 
depressing  to  the  circulation,  as  evidenced  by  the  low  tension  and  rapidity 
of  the  pulse,  the  marked  prostration,  the  pallor,  the  tendency  to  lividity  of 
the  lips  and  ears,  and  the  cold  clammy  extremities. 

Much  evidence  might  be  advanced  to  support  the  view  that  the  intestinal 
paralysis  leads  to  the  formation  in  the  bowel  of  a  virulent  toxin.  Thus,  in 
dogs  in  which  acute  stasis  is  artificially  produced  in  a  loop  of  duodenum,  a 
toxin  may  be  recovered  from  the  loop,  the  injection  of  the  fluid  containing 
the  toxin  into  the  vein  of  a  healthy  dog  causing  toxa^mic  symptoms  practically 
identical  with  those  in  the  ileus  dog  (Stone,  Bernheim,  and  Whipple).  In 
either  case  the  clinical  picture  does  not  materially  differ  from  that  of  human 
septic  peritonitis.  As  bearing  on  the  value  of  intestinal  drainage  in  septic 
peritonitis,  the  life  of  the  ileus  dog  may  be  prolonged  by  drainage  of  the  loop. 

The  Two  Pathological  Variables. — The  analysis  of  a  large  series  of 
autopsies  of  cases  dying  with  the  clinical  features  of  what  is  usually  signed 
up  as  'septic  peritonitis'  reveals  two  fairly  distinct  pathological  types : 
(1)  Where  there  is  extensive  obvious  inflammation  of  the  peritoneum,  and 
little  or  no  fluid  free  in  the  abdomen  ;  and  (2)  The  type  with  much  free  fluid, 
but  comparatively  little  inflammation.  Although,  in  conformity  with  custom, 
'septic  peritonitis'  is  here  employed  to  refer  to  either,  it  is  clear  that  the 
expression  can  only  be  regarded  as  clinical,  and  not  as  the  name  of  a  definite 
pathological  entity,  adequate  in  itself  to  account  for  death. 

In  reference  to  these  two  great  pathological  types,  we  find  that  death  in 
septic  peritonitis  is  due  neither  to  the  one  variable  nor  the  other.  A  practically 
universal  inflammation  of  the  peritoneum  may  not  in  itself  very  seriously 
disturb  the  patient,  as  is  shown  in  a  paper  on  "  Acute  General  Haemorrhagic 
Peritonitis  "  which  I  contributed  to  the  British  Medical  Journal,  July  8,  1916; 
and  as  to  toxic  free  fluid,  it  is  only  when  this  is  under  high  tension,  and  is 
inadequately  combated  by  the  protective  capacities  of  the  peritoneum,  that 
it  becomes  absorbed  with  sufficient  rapidity  to  produce  symptoms  of  its  own, 
which,  where  there  is  pus,  often  appear  to  be  those  of  euphoria. 

The  main  role  of  the  pathological  variables  is  to  produce  intestinal 
paralysis.  In  the  one  type  direct  inflammation  of  the  intestinal  peritoneum 
is  responsible  ;  in  the  other,  the  free  toxic  fluid  inhibits  peristalsis  by  acting 
on  the  intestinal  nerves. 

Diagnosis. — In  twelve  to  twenty-four  hours  after  operation  on  a  septic 
focus  within  the  abdomen,  when  the  effects  of  shock  and  anjcsthesia  are 
usually  passing  off,  the  patient,  instead  of  beginning  to  improve,  may  rapidly 
and  progressively  go  down  hill.    Thus,  he  may  look  imduly  distressed,  the  colour 
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may  not  be  good,  perhaps  assuming  a  '  dirty '  pallor,  with  a  suspicion  of  some 
darkening  of  the  Hps  ;  there  may  be  dr\'ing  of  the  tongue  and  great  thirst, 
together  with  restlessness,  anxiety,  and  complaint  of  weakness  and  abdominal 
pain;  while  vomiting,  instead  of  diminishing,  is  becoming  more  urgent,  and 
perhaps  foul  and  regurgitant.  The  pulse,  instead  of  being  100  or  less,  is  120 
or  more,  and  its  tension  is  not  good,  while  the  respirations  are  28,  29,  or  more. 
The  abdomen  may  be  distended,  and  show  little  movement,  and  neither  gas 
nor  fa?ces  may  be  passing,  although  in  some  cases  there  is  actual  diarrhoea. 

With  the  suspicion  of  a  commencing  septic  peritonitis,  every  effort  should 
be  made  to  get  the  bowels  to  act  freely,  as  by  calomel,  Epsom  salts,  and 
enemata,  and  by  pituitrin  or  eserine.  Also,  a  system  of  hourly  records  of 
the  pulse,  respiration,  and  temperature  should  be  at  once  begun.  The 
records  are  placed  in  parallel  columns,  and  carefully  studied.  The  temperature 
may  be  subnormal  in  the  later  stages,  while  a  sudden  big  drop  to  well  below 
the  normal  may  indicate  perforation,  say  of  inflamed  bowel.  If  over  a  period 
of  a  few  hours  the  records  show  that  the  pulse  and  respiration  rates  are 
rapidly  and  progressively  increasing,  and  that  the  pulse  tension  is  falling, 
while  the  general  condition  is  steadily  deteriorating,  the  paralytic  ileus  of 
septic  peritonitis  may  be  definitely  diagnosed. 

By  this  time  the  pulse  is  probably  130  to  140  and  of  very  low  tension, 
the  respirations  35  to  40  and  decidedly  shallow,  the  face  shows  a  'dirty' 
pallor,  the  lips  and  ears  are  perhaps  livid,  the  eyes  simken,  the  nose  pinched, 
while  the  expression  is  drawn.  wear\',  and  anxious,  and  the  hands  cold, 
clammy,  and  tremulous.  With  these  signs  of  deterioration  established,  though 
vomiting  or  even  distention  is  absent,  and  though  actual  diarrhoea  is  present 
instead  of  constipation,  the  patient  will  inevitably  die  unless  intestinal 
drainage  be  promptly  instituted. 

I  am  satisfied  that  in  the  majority  of  post -operative  cases  with  rapidly 
increasing  pulse  and  respiration  rates,  but  without  any  notable  fall  of  pidse 
tension,  we  are  dealing  merely  with  a  paresis  of  the  intestines,  and  that  stasis 
is  as  yet  far  from  complete.  Probably  even  with  this  incomplete  stasis 
intestinal  toxin  is  manufactured,  but  not  in  quantity  sufficient  to  cause  any 
marked  fall  of  blood-pressure,  although  quite  adequate  to  greatly  quicken 
the  pulse  and  respiration.  Whether  this  explanation  is  strictly  accurate  or 
not,  we  have  the  practical  fact  that  in  many  such  eases  free  purgation  soon 
reduces  the  pulse  and  respiration,  and  that  the  patient  proceeds  to  recovery. 
My  conviction  is  that  in  most  of  these  cases  the  patient  would,  in  the  absence 
of  free  purgation,  soon  show  the  fall  of  pulse  tension  and  the  other  signs 
which  annoimce  the  presence  of  definite  paralytic  ileus. 

Treatment — In  the  Australian  Medical  Gazette,  May  24,  1913,  I  described 
three  cases  of  post-operative  septic  peritonitis  apparently  saved  from  death 
by  intestinal  drainage,  the  first  case  being  dealt  with  on  May  31,  1912.  I 
subsequently  reported  three  additional  cases,  and  finally  embodied  these  six 
consecutively  successful  cases  in  an  article  in  the  Lancet  of  October  9,  1915. 
In  April  of  the  following  year  (1916),  papers  on  intestinal  drainage  were  con- 
tributed by  Mr.  Sampson  Handley  and  by  Mr.  Victor  Bonney  to  the  British 
Medical  Journal,  Mr.  Handley  giving  "general  peritonitis  with  obstruction"  as 
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the  broad  indication  for  intestinal  drainage,  and  Mr.  Bonney  relying  largely 
on  "fapcal  and  intestinal  vomiting." 

Mr.  Handley  appears  to  regard  general  peritonitis  as  an  extensive  obvious 
inflammation  of  the  intestinal  peritoneum,  and  draws  a  striking  elinieal  pieture 
of  sueh  a  ease  where  obstruction  is  present.  He  says  :  "  Cessation  of  the 
passage  of  gas  and  faeces,  and  persistent  foul  vomit,  indicate  that  complete 
obstruction  has  supervened  .  .  .  The  abdomen  is  imiformly  and  tightly  dis- 
tended like  a  drum.  The  pulse  becomes  running,  the  extremities  cold  .  .  . 
and  the  patient,  only  within  a  few  hours  of  the  end,  rcaii/x's  .  .  .  that  he  is 
in  the  inexorable  grasp  of  death."  In  this  advanced  stage  Mr.  Handley 
believes  that  "the  surgeon's  chance  has  gone." 

As  already  indicated,  eases  presenting  a  clinical  picture  practically 
identical  with  that  so  vividly  painted  by  Mr.  Handley,  may  show  but  little 
evidence  of  inflammation  of  the  peritoneum,  the  only  really  obvious  pathology 
being  abundant  fluid  free  in  the  abdomen.  As  to  the  stage  in  the  evolution 
of  septic  peritonitis  at  which  intestinal  drainage  may  be  successfully  employed, 
my  experience  is,  that,  even  with  such  a  clinical  picture  as  Mr.  Handley 
describes,  the  surgeon  need  not  desj^air.  The  following  case  illustrates  this 
view. 

Paralytic  Ileus  ;  Fcecal  Vomiting ;  Ccecostomy. — Female,  aj^e  24,  admitted  to 
Perth  Hospital.  At  operation  (May  5,  1915),  abdomen  found  full  of  dark  blood  and 
clots  from  rupture  of  ectopic  gestation  three  weeks  earlier.  The  offending  tube 
was  removed  ;  but  on  account  of  the  grave  condition  of  the  patient,  the  abdomen 
was  closed  while  the  washings  were  still  very  dark.  The  patient  deteriorated,  and 
within  thirty-six  hours  obstruction  was  absolute,  while  the  vomiting  was  faecal  and 
profuse,  20  ounces  being  ejected  in  one  bout  at  8  a.m.,  and  then  continuing  till  noon, 
by  which  time  18  ounces  more  had  been  ejected.  The  fluid  had  a  strikingly  fa;cal 
odour,  and  in  every  way  suggested  the  contents  of  the  lower  ileum.  The  pulse  was 
now  160,  respirations  40,  and  temperature  96-4°  ;  the  abdomen  was  enormously 
distended  and  immobile,  the  extremities  were  cold,  clammy,  and  tremulous,  the  lips 
dark,  eyes  sunken,  and  the  face  was  intensely  pale.  On  opening  the  abdomen  over 
the  caecum  much  dark  bloody  fluid  welled  out  on  to  the  bed  ;  tliat  remaining  within 
the  abdomen  was  only  roughly  mopped  out.  A  rubber  tube  was  purse-strung  into 
the  caecum.  Within  a  few  hours  vomiting  had  ceased,  and  in  less  than  twenty  hours 
the  abdomen  was  flat,  and  the  patient  taking  milk. 

I  find  it  diflicult  to  agree  with  Mr.  Victor  Bouncy  that  "  all  cases  of 
paralytic  intestinal  obstruction  .  .  .  when  advanced  to  the  stage  of  fajcal, 
or  short  of  ffecal,  intestinal  vomiting,  should  be  subjected  to  jejunostomy." 
The  case  of  fa;cal  vomiting  just  described  goes,  I  think,  to  justify  my  attitude, 
since  simple  csccostomy  sufficed  to  rescue  the  patient. 

Mr.  Bonney  refers  to  instances  in  which,  after  failure  of  cjceostomy  alone, 
jejunostomy  has  relieved.  In  this  connection  it  is  important  to  carefully 
exclude  possible  errors  of  technique  in  the  cacostomy.  Thus,  I  recall  one 
case  in  the  Perth  Hospital  in  which,  a  few  hours  after  cacostomy,  the  patient 
became  so  excited  and  obstreperous  that  she  had  to  be  strapped  in  bed.  I 
foimd  the  rubber  drain-tube  was  perished,  and  had  thus  been  completely 
occluded  in  tying  the  purse-string  used  to  fix  it  in  the  cfccum.  On  putting 
matters  right  the  symptoms  rapidly  improved,  and  a  couple  of  days  later 
she  was  enjoying  the  newspaper.     In  this  case  the  patient  had  been  in  a  very 
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grave  condition — enormous  distention,  continuous  foul  regurgitant  vomiting, 
pulse  140,  respirations  40,  temperature  96°,  and  cold,  clammy  extremities. 

Faecal  vomiting  is  in  my  experience  an  excessively  rare  complication  of 
septic  peritonitis,  although  Mr.  Bonney  describes  it  as  occurring  in  no  less 
than  five  of  his  six  cases  of  intestinal  drainage.  Although,  when  indubitably 
present,  the  indication  for  intestinal  drainage  is  positive,  still  in  some  cases  of 
septic  peritonitis  in  which  vomiting  is  practically  absent,  drainage  of  the  bowel 
may  be  the  one  measure  likely  to  avert  death.  The  only  true  index  of  the 
urgent  need  for  intestinal  drainage  is  the  rapidly  progressive  general  deteriora- 
tion, as  indicated  by  the  high  and  increasing  pulse  and  respiration  rates,  the 
fall  of  blood-pressure,  the  drawn,  weary  expression,  the  prostration,  the  dirty 
pallor,  the  lividity  of  the  lips,  and  the  cold,  clammy,  tremulous  hands. 

CaBCOStomy. — ^Thc  rational  treatment  of  the  intestinal  toxfcmia  of  septic 
peritonitis  is  the  removal  of  unabsorbcd  intestinal  toxin  and  the  prevention 
of  its  further  production.  Both  these  ends  may  be  secured  by  intestinal 
drainage — provided  that  the  peritoneal  cavity  is  not  charged  with  excessive 
poison,  that  the  focal  factor  is  eliminated,  and  that  such  a  large  quantity  of 
toxin  has  not  been  absorbed  already  as  to  render  any  form  of  treatment  futile. 

The  case  of  faecal  vomiting  already  described,  suggests  that  in  septic 
peritonitis  csecostomy  alone  will  adequately  drain  the  paralyzed  intestines  of 
the  toxin  which  is  rapidly  destroying  life,  and  others  of  my  cases  point  to  the 
same  conclusion.  I  do  not  assert  positively  that  ca?costomy  is  the  only 
form  of  intestinal  drainage  needed  in  septic  peritonitis,  but  I  believe  that  the 
exceptions  to  this  rule  will  be  but  few.  The  primary  objective  of  intestinal 
drainage  is  the  removal  of  toxin  from  the  bowels,  and  if  ca^costomy  did  not 
soon  relieve  the  symptoms,  drainage  of  the  intestine  higher  up  should  be 
instituted  in  addition.  Bearing  in  mind  the  possibility  of  such  a  step  being 
demanded  subsequent  to  ca*costomy,  the  hourly  records  should  still  be  con- 
tinued in  all  cases,  and  the  patient  still  be  watched  with  the  most  scrupulous 
care  for  at  least  the  next  twenty-four  hours,  saline  infusion,  the  electric-light 
bath,  and  other  measures  being  persevered  in.  If  after  some  hours — and  we 
cannot  be  more  definite — improvement  has  not  clearly  set  in  or,  worse  still, 
there  is  evidence  of  continued  deterioration,  the  abdomen  should  at  once  be 
opened  mider  local  anaesthesia  a  little  above  the  imibilicus,  a  rubber  tube 
purse-strung  into  the  most  distended  loop  of  small  intestine,  and  the  abdomen 
rapidly  closed  with  silkworm  gut.  To  have  carried  out  by  Mr.  Handley's 
very  ingenious  device  (anastomosis  of  the  jejunimi  with  the  transverse  colon) 
such  extra  intestinal  drainage  coincidently  with  caecostomy  would  have 
demanded  exceptional  daring  in   my   case  of  faecal  vomiting, 

In  my  series  of  cases,  as  soon  as  the  opening  into  the  c<ecum  Avas  made, 
the  faeces  usually  came  out  under  high  pressure,  in  one  instance  rising  up  in 
a  stream  over  eight  inches  high.  If  the  caecum  had  contained  this  fluid  before 
it  had  been  opened,  we  may  reasonably  assimie  that  the  fluid  would  have  been 
forced  along  the  colon  to  the  anus.  Since  this  had  not  happened,  it  seems 
likely  that  these  faeces  had  not  yet  reached  the  caecum,  but  were  held  back 
in  the  ileum,  and  that  the  opening  of  the  caecum  relieved  the  obstruction. 
Perhaps,  then,  the  efficacy  of  caecostomy  may  depend  on  a  possible  power  to 
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relax  ilco-ca?cal  spasm,  and  thereby  release  virulent  faeces  pent  up  in  the  small 
intestines. 

Technique. — Thro\igh  an  oblique  abdominal  incision  a  fold  of  the  ca»cum 
is  isolated  by  a  pair  of  semicircular  bowel  forceps,  and  the  parts  are  packed 
off  with  gauze  pads.  A  catgut  purse-string  taking  up  only  the  outer  coats 
of  the  cjvcum  is  now  placed,  the  bowel  incised,  and  any  faeces  mopped  away. 
A  piece  of  ^-in.  rubber  tubing  is  passed  into  the  bowel,  the  raw  edges  are  turned 
in,  and  the  purse-string  is  tied.  The  rubber  tubing  is  then  carried  on  to  a  bottle 
fixed  to  the  bedstead,  and  the  bowel  clamp  removed.  A  second  purse-string 
attaches  the  cjccum  to  the  peritoneum,  the  ends  closing  the  internal  oblique, 
while  a  couple  of  silkworm-gut  sutures  imites  the  skin  and  aponeurosis. 
The  bowel  tube  becomes  loose  in  about  four  days. 

If,  after  several  weeks,  the  ca;cal  fistula  docs  not  close,  it  may  be  dealt 
with  by  the  simple  method  described  by  Dr.  Frank  Nyulasy,  of  Melbourne, 
in  the  Australian  Medical  Journal,  and  subsequently  by  Greig  Smith  in  the 
later  edition  of  his  Abdominal  Surgery.  Semilunar  incisions  surroimd  the 
fistula,  and  extend  down  to,  but  not  through,  the  parietal  peritoneum,  which 
is  then  freely  undermined  to  loosen  it ;  the  fistulous  tract  is  removed,  and 
the  opening  in  the  bowel  sutured,  the  remainder  of  the  wound  being  closed 
in  the  usual  manner.  Frank  Nyulasy  did  his  first  case  under  cocaine  anaes- 
thesia. A  fistula  into  the  small  intestine  may  be  similarly  closed  three  to 
four  days  after  being  made. 

CONCLUSIONS. 

In  treating  septic  peritonitis,  it  is  to  be  clearly  borne  in  mind  that  a 
virulent  toxin  in  the  paralyzed  bowels  is  rapidly  killing  the  patient,  and  that 
there  is  only  one  certain  method  of  removing  this  toxin,  namely,  by  opening 
the  intestines  and  draining  them — always  provided  that  before  doing  so  the 
septic  focus  is  eliminated,  the  abdominal  cavity  cleansed  of  excessive  poison 
by  swabbing,  douching,  and  efficient  drainage  of  septic  necrotic  areas,  and 
further,  that  purgatives,  saline  injections,  and  eserine  or  similar  drugs 
have  been  given  a  fair  trial.  As  to  the  route,  my  own  preference  is  for 
eaceostomy,  a  faith  justified,  I  venture  to  believe,  by  my  personal  experience. 
If  caecostomy  does  not  soon  relieve,  drainage  of  the  bowel  higher  up  should 
be  instituted. 

In  military  surgery  I  would,  in  a  severe  woimd  of  the  intestine,  recom- 
mend either  (1)  Immediate  excision,  repair  by  anastomosis,  and  caecostomy 
later  if  the  patient  deteriorated  from  paralytic  ileus  ;  or  (2)  Direct  drainage 
of  the  injured  bowel  by  Paul  or  rubber  tubes  for  three  to  four  days,  and 
then  repair  by  anastomosis. 
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ULCERATION    OF    THE    COLON    IN    THE     NEIGHBOURHOOD 
OF    GUNSHOT    WOUNDS. 

By  Cappain  JOHN  SHAW  DUNN,  RjVJtf.C.  (T.C.), 

AND    Captain   HAMILTON    DRUMMOND,    RA.M.C.  (T.) 

(A  Report  to  the  Medical  Research  Committee.) 

It  is,  we  believe,  ccmmon  experience,  that  wounds  of  the  colon  caused  by 
missiles  which  perforate  the  viscus.  differ  little  in  character  from  the  lesions  so 
produced  in  the  small  intestine.  If  they  are  seen  early,  and  closed  by  appro- 
priate methods,  they  may  be  expected  to  heal  readily  and  give  satisfactory 
results  if  unassociated  with  other  serious  complications.  The  lesions  of  the 
colon  which  we  propose  to  describe  in  this  paper  differ  markedly  from  such 
direct  wounds,  not  only  in  respect  of  their  causation,  but  also  as  regards 
inunediate  and  ultimate  prognosis.  We  have  observed  that  where  a  missile 
has  passed  near  to  a  fixed  jK)rtion  of  the  colon,  without  actually  touching  its 
wall,  it  may  give  rise  to  an  appearance  of  extensive  ulceration  of  the  colic 
mucous  membrane.  This  form  of  ulceration  is  very  liable  to  extend  deeply 
into  the  intestinal  wall,  and  to  be  followed  by  perforation  and  peritonitis  or 
retroi)eritoncal  cellulitis.  The  condition  is  therefore,  of  itself,  a  very  grave 
form  of  injury,  and  may  frequently  prove  fatal  apart  from  the  effects  of  other 
lesions  which  may  accompany  it.  There  is  little  doubt,  however,  that  ulcera- 
tion of  this  type  is  sometimes  present  in  cases  which  ultimately  recover.  We 
have  had  opportunities  of  observing  it  only  at  ver\'  early  dates  after  wounding, 
and  only  in  cases  which  proved  fatal ;  but  it  has  not  always  been  the  direct 
cause  of  death.  Further,  we  have  been  informed  by  General  Sir  Anthony 
Bowlby  that  faecal  fistula  is  a  not  infrequent  late  development  in  relation  to 
wounds  of  the  loin  which  are  known  not  to  have  penetrated  the  intestine.  It 
seems  ver\^  probable  that  the  condition  we  describe  will  afford  an  adequate 
explanation  of  an  occurrence  of  this  kind. 

Case  1. — S.,  age  30,  was  wounded  at  2  a.m.  on  June  30.  1916,  and  admitted 
to  hospital  twelve  hours  later.  When  seen,  he  was  suffering  severely  from  shock  ; 
there  was  general  rigidity  of  the  abdominal  wall,  and  marked  tenderness  over  the 
lower  half  of  the  abdomen.  A  small  round  wound  of  entr>-  was  found  in  the  left 
loin,  just  above  the  iliac  crest,  and  four  inches  behind  the  anterior  spine.  The  exit 
wound,  also  on  the  left  side,  was  at  a  point  half  an  inch  above  the  middle  of 
Poupart's  ligament. 

At  operation,  twenty  hours  after  wounding,  the  descending  colon  was  exposed 
through  an  oblique  incision  in  the  left  loin,  parallel  to  the  track  of  the  missile.  No 
perforating  woimd  was  observed  on  the  colon,  but  two  areas  of  haemorrhage  were 
present  on  its  wall,  one  at  the  level  of  the  entrj-  wound,  and  the  other  an  inch  and  a 
half  lower  down.  The  lower  of  these  bruises,  which  extended  circularly  round  the 
bowel,    was   much   blackened,    and   there   appeared   to   be   commencing   gangrene. 
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involvinj;   \hv   |)eritoneal   coat.     This   daniajjed   area   was   covered   in   by   Lembert 

sutures,  and  the  wound  was  drained.     The  general  condition  of  the  patient  was  very 

bad,  and  death  occurred  shortly  after  operation. 

The  outward  appearance  of  the  descending 
colon  was  as  seen  at  operation,  but  a  third  area 
of  bruising  was  noted  two  inches  below  the  lower 
of  those  previously  mentioned.  The  track  of  the 
missile  was  mainly  extraperitoneal,  and  not  directly 
against  the  colon  ;  there  was  certainly  no  gross 
laceration  of  the  outer  wall  of  the  viscus.  On 
opening  this  j)ortion 
of  the  colon,  three 
areas  of  ulceration 
were  found  on  tlie 
mucous  membrane, 
corresponding  in  posi- 
tion to  the  zones  of 
haemorrhage  seen  ex- 
ternally. The  ulcers, 
which  were  fairly  ex- 
tensive  {Fig.  20), 
tended  to  be  annular 
in  shape  ;  but  only 
the  uppermost  of 
them  encircled  the 
lumen  completely. 
They  penetrated  into 
the  submucous  layer, 
but  not  through  it. 
The  bases  of  the  ul- 
cers were  black  with 
altered  blood,  and 
appeared  to  be  gan- 
grenous. By  careful 
dissection,  the  mucous 
and  submucous  coats, 
with  the  ulcers,  could 
be  stripped  from  the 
muscular  layer.  The 
separation  was  effec- 
ted   with    particular 

ease  in  the  regions  of  the  ulcers,  where  slight  ha;mor-    C 

rhage  had  taken  place  between  the  layers.      Many  of 

the  minute  blood-vessels  perforating  from  the  muscu- 
lar   to   the   submucous  coat  had  evidently  been  torn 

across  in  these  areas.      Underneath  each  ulcer  there 

was   some  damage  of  the  circular  layer  of  nuiscular 

fibres,  but  this  was  of  slight  extent  compared  with  the 

lesions    in    the    mucous    membrane.      It    consisted    of 

short  linear  tears,  nmning  across  the  muscular  fibres 

(Fig.  21)  :  the  lesions  occurred  in  the  sacculi,  between 

the  longitudinal  muscular  bands.  ;t*! 

Cose   2. — D.    was   wounded  by  a    rifle   bullet  at 

11.30  p.m.   on    Sept.   9,   1916,   and    was    admitted    to 

hospital    five    hours    later,   in    a    condition    of 

A  small    round    wound    of  entry    was    found 


Fig.  30. — Ulcerated  portion  of  de- 
scending colon  in  Case  1.  The  ulcers 
tend  to  encircle  the  wall  of  the  viscus. 
Their  ba.ses  are  formed  by  submucous 
ti.s.sue,  containing  much  blood. 


Fio.  21. — Musculature  of  wall 
of  descending  colon  in  Cane  1, 
imderlying  the  ulcerated  areas. 
Some  laceration  of  the  circular 
fibres  is  visible  at  places  which 
coincide  with  the  points  of 
deepest  ulceration.  The  longi- 
tudinal bands  of  muscle  are 
intact  in  this  case.  Xote  indi- 
cation of  hwmorrhage  around 
the  lacerations. 


shock. 

in    the 
middle  line  of  the  back,  at  the  level  of  the  fourth  lumbar  spine.     The  exit  wound, 
which  was  much  larger,  measuring  one  and  a  half  inches  across,  was  in  the  left 
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mid-axillary  line,  at  the  level  of  the  tenth  rib.  A  loop  of  the  transverse  colon, 
with  a  portion  of  great  omentum,  was  prolapsed  through  the  latter  wound. 

At  operation,  six  hours  after  wounding,  the  condition  of  the  abdomen  was 
examined  through  a  mesial  incision.  There  was  no  visible  lesion  of  the  transverse 
colon,  either  inside  the  abdomen  or  on  the  extruded  portion,  but  a  circular  band  of 
haemorrhage,  associated  with  an  appearance  of  early  gangrene,  was  obser\-cd  on 
the  wall  of  the  descending  colon  just  below  the  splenic  flexure.  This  damaged 
portion  of  descending  colon  was  drawn  out  posteriorly  through  a  small  left  flank 
incision.     Death  occurred  twenty-six  hours  after  operation. 

There  was  slight  early  general  peritonitis.  The  bullet  track  was  found  to  pass 
forwards  and  to  the  left  through  the  deep  muscles  of  the  back,  behind  the  descending 
colon,  and  through  the  posterior  edge  of  the  spleen.  Thence  it  passed  through  the 
diaphragm  at  its  costal  attachments,  and  through  the  ninth  and  tenth  ribs,  portions 
of  which,  one  to  one  and  a  half  inches  in  length,  were  missing.  There  was  no 
ulceration  in  the  portion  of  transverse  colon  which  had  prolapsed.  On  the  other 
hand,  at  the  level  of  the  annular  zone  of  bleeding  in  the  muscular  coat,  there  was  a 
patch  of  ulceration  on  the  outer  and  anterior  aspect  of  the  bowel.  The  ulcer  was 
of  hour-glass  shape,  its  two  segments  lying  over  sacculi,  and  the  isthmus  over  the 
external  longitudinal  band.  The  base  of  the  ulcer,  which  was  formed  by  gangrenous 
submucous  tissue,  was  black  with  haemorrhage.  On  dissecting  off  the  mucous  and 
submucous  coats,  two  irregular  lacerations  were  found  in  the  circular  muscular  fibres 
which  underlay  the  broad  parts  of  the  ulcer.  The  penetrating  vessels  to  the  mucous 
coat  had  been  torn  in  these  areas.  The  lesions  in  the  muscular  coat  were  of  small 
extent  compared  with  those  in  the  mucosa. 

Case  3. — ->!.,  age  21,  died  seven  hours  after  being  wounded  by  a  rifle  bullet  which 
traversed  the  abdomen  from  right  to  left. 

It  was  found  that  the  track  passed  through  retroperitoneal  tissue,  below  the 
lower  pole  of  the  right  kidney,  and  into  the  body  of  the  third  lumbar  vertebra,  which 
was  comminuted.  The  missile  had  thence  passed  forwards  through  the  left  side 
of  the  peritoneal  cavity,  wounding  directly  the  transverse  colon  and  a  loop  of 
jejunum,  and  had  made  its  exit  through  the  anterior  abdominal  wall.  There  was 
no  direct  wound  of  the  descending  colon,  but  there  M'as  much  bleeding  under  its 
peritoneal  coat,  and  in  the  retroperitoneal  tissue.  The  haemorrhage  in  the  wall  of 
the  colon  was  irregularly  distributed  along  four  inches  of  the  bowel.  This  portion 
of  descending  colon,  when  laid  open,  presented  several  large  areas  of  ulceration  of 
the  mucous  membrane.  The  ulcers  were  irregular  in  shape,  and  the  depth  to  which 
they  penetrated  varied  in  different  parts.  They  were  deepest,  reaching  the  muscular 
coat,  in  the  sacculi  between  longitudinal  bands.  The  mucous  membrane  and  sub- 
mucous coat  were  dissected  off  from  the  muscular  layer.  It  was  then  seen  that 
beneath  the  areas  of  ha-morrhagic  ulceration  there  was  slight  bleeding  on  the  surface 
of  the  circular  muscular  coat.  The  separation  of  the  layers  could  be  effected  with 
great  readiness  in  these  areas,  and  many  of  the  small  blood-vessels  perforating  from 
nuiscularis  to  submucosa  had  evidently  been  torn  across.  Several  lacerations  of 
fibres  were  found  in  the  circular  muscular  coat  under  the  deepest  parts  of  the  ulcers. 
The  lacerations  extended  across  the  fibres,  in  the  long  axis  of  the  intestine,  and  they 
were  situated  in  the  unsupported  sacculi.  No  portion  of  muscular  tissue  had  been 
actually  torn  away.  Microscopic  examination  of  two  of  the  ulcerated  areas  showed 
tearing  of  circular  fibres,  and  hjemorrhage  between  the  torn  ends. 

Case  4. — W.,  age  21,  had  received  multiple  grenade  wounds  at  4  p.m.  on 
Oct.  27,  1916.  and  he  was  admitted  to  hospital  at  7  p.m.  on  the  same  day.  When 
seen  on  admission,  he  was  suffering  severely  from  shock,  the  pulse  being  140  per 
minute.  The  abdomen  was  ver>-  rigid  and  retracted,  and  showed  scarcely  any 
respiratory-  movement.  Two  small  entr>-  wounds  were  found  on  the  anterior  wall 
of  the  abdomen  :  one  of  these  was  two  inches  above  the  left  anterior  superior 
iliac  spine,  and  the  other  about  an  inch  to  the  left  of  the  first,  at  a  slightly  higher 
level  ;  a  tag  of  omentum  projected  from  the  latter  wound.  There  were  other  severe 
wounds  on  the  limbs. 

Laparotomy  was  performed  in  the  middle  line.     A  large  perforating  wound  was 
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found  in  the  pelvic  colon,  and  another  in  the  ui)i)('r  part  of  the  jejunum.  The  latter 
wound  necessitated  resection,  while  that  in  the  pelvic  colon  was' broujjht  out  throujjh 
a  separate  incision  in  the  left  flank,  as  a  colostomy.  The  tracks  of  the  two  missiles 
were  seen  to  pass  into  the  posterior  abdominal'  wall,  one  on  either  side  of  the 
descending  colon.  The  wall  of  that  viscus  showed  some  lucmorrhajie  opposite  the 
level  of  these  wounds,  but  there  was  no  perforation,  and  no  evidence  of  direct 
damage.     Death  occurred  five  hours  after  the  operation. 

It  was  confirmed  that  there  had  been  no 
direct  injury  of  the  descending  colon  by  either 
missile  :  the  missiles,  two  portions  of  rifle- 
grenade,  were  found  embedded  in  the  nuiscles 
of  the  i)osterior  abdominal  wall.  The  descend- 
ing colon,  when  slit  o])en,  showed  an  area  of 
ulceration  an  inch  in  diameter,  towards  its 
anterior  aspect,  at  the  level  of  the  hemorrhage 
seen  externally.  The  ulcer  was  of  irregular 
outline,  and  its  base  was  infiltrated  by 
blackened  blood.  This  ulcer,  when  examined 
microscopically,  was  seen  to  be  associated 
with  tearing  of  the  circular  coat  of  muscular 
fibres.  Much  ha-morrhage  was  present  in  the 
submucous  tissue,  and  in  the  fissures  in  the 
muscular  layers. 

Case  5. — G.  was  wounded  by  a  rifle  bullet 
at  11.30  p.m.  on  June  17,  1916,  and  was 
admitted  to  hospital  six  hours  later,  much 
collapsed.  A  small  round  entry  wound  was 
present  in  the  left  buttock,  and  the  exit 
wound,  which  was  larger  and  irregular,  was 
in  the  right  mid-axillary  line  at  the  level  of 
the  costal  margin. 

Laparotomy  was  performed  shortly  after 
admission.  There  was  no  evidence  of  injury 
of  the  abdominal  viscera,  except  some  haemor- 
rhage on  the  wall  of  the  caecum  and  behind 
the  peritoneum  of  the  right  flank.  Some 
blood-stained  urine  was  passed  a  few  hours 
later.  Death  occurred  twenty-one  hours  after 
wounding. 

It  was  found  that  the  wound-track  passed 
from  the  left  buttock  through  the  sacro-sciatic 
notch  and  the  upper  part  of  the  sacrum, 
through  the  belly  of  the  right  psoas  muscle, 
and  thence  between  the  right  kidney  and  the 
ascending  colon.  Neither  of  the  latter  viscera 
had  been  directly  touched  ;  a  layer  of  retro- 
peritoneal  fat  a  quarter  of  an  inch  in  thick- 
ness intervened  between  the  track  and  the 
colon  wall.  There  was  cellulitis  and  gangrene 
around  the  wound-track  in  the  retroperitoneal 
tissue,  and  films  and  cultures  made  later  from 
this  material  showed  abundant  gas-forming, 
anaerobic  bacilli.  The  capsule  of  the  right  kidney  was  intact,  but  two  subcapsular 
lacerations  were  present  in  the  cortex  on  the  anterior  aspect  of  the  lower  pole. 
The  ascending  colon  exhibited  externally  only  some  haemorrhage  on  its  inner  side. 
When  this  portion  of  bowel  was  opened,  two  large  areas  of  ulceration  were  observed 
on  the  posterior  wall,  while  a  third  was  seen  in  the  caput  ca'cum  (Fig.  22).  The 
two    uppermost    ulcers    lay   almost    directly    over    the    bullet    track.      Liach    ulcer 


Fig.  22. — Mucous  surface  of  caput 
cacum  and  part  of  ascending  colon  in 
Case  5.  There  are  three  fairly  extensive 
ulcers  on  the  posterior  wall,  one  being  in 
the  caput.  The  base  of  each  ulcer  is 
formed  by  the  submucous  layer,  and  is 
much  infiltrated  with  blood. 
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penetrated  deeply  into  the  submucous  coat,  but  not  quite  through  it  ;  the  bases  were 
necrotic,  and  dark  with  haemorrhage.  The  mucosa  and  submucosa  were  then 
dissected  off  from  the  muscular  layers.  By  this  means  it  was  shown  (Fig.  23) 
that  underneath  the  middle  and  uppermost  ulcers  the  posterior  longitudinal 
band  of  muscle  had  been  sharply  torn  across.  The  torn  ends  were  widely 
retracted,  and  the  circular  fibres,  though  not 
lacerated,  were  drawn  apart  with  them,  so 
as  to  leave  a  complete  wide  gap  in  the  mus- 
cular layers.  Each  of  these  lesions  was 
associated  with  some  haemorrhage,  and  the 
exposed  retroperitoneal  tissue  was  foul  and 
gangrenous.  A  like  muscular  lesion  was  also 
obser\-ed  in  the  outer  longitudinal  band, 
opposite  the  level  of  the  upper  ulcer,  but  it 
was  unaccompanied  by  haemorrhage  or  by 
ulceration  of  the  mucosa.  In  relation  to  the 
ulcer  in  the  caput  ca'cum,  there  was  only 
slight  tearing  of  the  circular  fibres,  with  some 
haemorrhage. 

Case  6.— B.    was  struck  by   a   piece    of 
shell  in  the   region  of  the   right   buttock  at 

5  a.m.  on  Sept.  11,  1916.     He  was  admitted  ^  ,  ) 

to    hospital    in   a  condition  of  extreme  col-  ^ 

lapse,  and  died  thirteen  hours  after  receipt 
of  injury-. 

An  entrj-  woimd,  the  size  of  a  half-crown.  a     ^  Z**^ 

was  present  on  the  right  buttock  over  the 
great  sacro-sciatic  notch  :  the  exit  wound, 
much  larger,  centred  round  the  site  of  the 
right  sacro-iliac  joint.  The  greater  part  of 
the  right  side  of  the  sacnmi,  and  the  posterior 
end  of  the  iliac  blade,  had  been  carried  away 
by  the  missile.  The  perirectal  adipose  tissue, 
which  was  exposed  in  the  wound,  was  not 
actually  lacerated,  but  exhibited  much  diffuse 
haemorrhage  over  an  area  two  inches  in  dia- 
meter. The  appearance  of  the  tissue  indi- 
cated commencing  gangrene.  The  rectiun 
was  removed,  and  opened  from  the  front. 
A  large  and  deep  ulcer  was  found  on  its 
posterior  wall  corresponding  in  site  to  the 
htemorrhage  seen  posteriorly.  The  lesion 
measured  two  and  a  half  inches  across  and 
one  and  three-quarter  inches  in  length,  and 
had  a  haemorrhagic,  gangrenous  base  com- 
posed of  perirectal  adipose  tissue  {Fig.  24). 
Two  areas-  of  superficial  ulceration,  associated 
with  haemorrhage,  were  present  on  the  rectal 
mucosa  at  a  lower  level.  The  appearance 
of  the  large  lesion  was  very  suggestive  of  the 
actual  loss  of  a  large  portion  of  the  muscular 
and  mucous  coats,  but  in  view  of  the  fact 
that  the  injun,'  took  place  only  thirteen 
hours    earlier,    it    is    apparent    that   the  gap 


/ 
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Fig.  23. — The  muscular  wall  of  the  colon 
luiderlying  the  ulcer.--  shown  in  Fig.  '22.  The 
posterior  longitudinal  band  of  muscle  is 
torn  acro.ss  in  two  places  (a  and  C).  and  the 
torn  ends  have  retracted,  drawing  with  them 
the  fibres  of  the  circular  layer.  It  is  seen 
that  these  lesions  in  the  muscle  correspond 
exactly  in  site  with  the  two  ulcers  in  the 
ascending  colon  The  tear  in  the  outer 
longitudinal  band,  marked  A,  was  una-ssoci- 
ated  with  idceration.  The  arrangement  of 
the  muscular  lesions  in  this  case  affords 
good  evidence  that  they  were  produced  by 
indirect  ^•iolence.  as  all  of  them  were  caused 
by  one  rifle  bullet. 


must  be  explained  by  the  retraction  of  torn 
edges  of  tissue.  The  tear  was  evidently  not  produced  by  immediate  contact  of 
the  missile,  for  behind  it  the  layer  of  adipose  tissue  was  three-eighths  of  an  inch 
in  thickness.      The  superior  haemorrhoidal  arterj-  was  traced   downwards    through 
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this  tissue  to  its  tinrr  branches.     The  wall  of  the  vessel  showed  some  haDmorrhagic 
staining,  but  no  actual  rupture. 


The  feature  which  attracted  attention  in  this  grouj)  of  six  cases  was  the 
appearance  of  extensive  ulceration  of  the  intestinal  mucous  membrane,  where 
the  external  aspect  of  the  bowel  had  not  <fiven  rise  to  suspicion  tliat  such  a 
condition  existed.     These  lesions  were  fully  developed  at  remarkably  early 

periods — from  seven  to  twenty-six  hours 
— after  receipt  of  the  causal  injuries. 
In  each  case  it  could  readily  be  ascer- 
tained that  the  ulceration  had  arisen  in 
relation  to  the  passage  of  a  missile 
which  did  not  perforate  the  viscus,  or 
even  come  into  direct  contact  with  its 
wall. 

In  explanation  of  the  lesions,  two 
main  facts  have  been  observed  by  dis- 
section. First,  there  was  always  some 
laceration  of  the  muscular  coats,  though 
this  was  usuall}'  verj'^  slight  in  extent 
comj)arcd  with  the  lesion  in  the  mucosa, 
and  it  was  not  associated  with  actual 
loss  of  muscular  substance.  In  one 
instance  {Case  5),  the  damage  to  the 
muscular  layers  had  clearly  been  pro- 
duced by  a  dragging  effect  transmitted 
through  strands  of  fibrous  tissue  or 
blood-vessels :  in  this  case  there  was 
also  deep  laceration  in  the  cortex  of 
the  kidney,  though  the  capsule  was  in- 
tact. In  the  other  cases,  the  effects 
were  most  probably  due  to  sudden 
impact  on  a  gas-filled  sac,  resulting  in 
bursting  at  weak  points.  The  lacera- 
tions here  occurred  most  commonly  in 
the  imsupported  sacculi  ;  evidence  has 
previously  been  brought  forward  by  one 
of  us  to  show  that  in  the  normal  sacculi 
there  are  specially  weak  points  where 
the  larger  v-essels  perforate  the  muscular 
wall  to  reach  the  mucous  membrane.^ 
In  referring  to  the  damage  to  the  mus- 
cular coats,  it  seems  important  to  note  that  the  lesions  have  been  observed 
only  in  fixed  portions  of  the  colon,  and  never  in  the  freer  parts  supplied 
with  a  mesocolon,  or  in  the  small  intestine. 

The  other  fact  of  interest  was  that  many  of  the  perforating  vessels  to  the 
mucosa  in  the  damaged  areas  were  torn  across  at  the  points  where  they  passed 
from  the  muscular  into  the  submucous  coats.     This  afforded  an  explanation 


Fio.  24. — Ulceration  or  laceration  of 
wall  of  rectum  in  Case  fi.  This  condition 
was  observetl  fifteen  hours  after  wounding 
by  a  piece  of  shell.  The  missile  destroyed 
a  jrreat  part  of  the  sacrum,  but  did  not 
actually  lacerate  the  retroproctal  adipose 
tissue.  The  superior  ha-morrhoidal  artery 
could  be  traced  to  its  finer  branche«.  The 
gap  in  the  mucous  and  muscular  coats? 
had  thus  been  produced  by  transmitted 
violence. 
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of  the  great  extent  of  loss  of  mucous  membrane  where  the  injury  of  muscle 
was  comparatively  trivial  :  the  patch  of  mucosa  had  really  been  killed  by 
loss  of  blood-supply. 

In  all  cases  it  was  apparent  that  the  damaged  tissues  were  subjected  to 
early  infection  from  the  lumen  of  the  bowel,  and  readily  became  gangrenous  : 
at  later  dates  the  loss  of  tissue  from  this  cause  would  no  doubt  have  been  much 
greater. 

From  the  point  of  view  of  treatment,  it  is  evidently  important  to  provide 
adequate  drainage  of  wounds  in  the  flanks  in  all  cases  where  definite  bruising 
is  visible  on  the  wall  of  the  colon ;  this  applies  particularly  to  the  fixed 
ascending  and  descending  parts. 


REFERENCE. 
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THE    EARLY     TREATMENT    OF    GUNSHOT    FRACTURES 

OF    THE    THIGH. 

By  Captain  C.  MAX  PAGE,  R.A.M.C.  (S.R.), 
AND    Captain    A.    B.    LE    MESURIER,    R.A.M.C. 

After  two  and  a  half  years  of  war,  surgical  opinion  as  to  the  most 
satisfactory  method  of  treating'  compound  fractures  of  the  femur  is  by  no 
means  unanimous.  One  school,  following  Lieutenant-Colonel  Robert  Jones,* 
maintains  that  the  best  results  can  be  obtained  in  general  by  a  'fixed' 
long-axis  pull  with  the  limb  in  a  position  of  extension.  Another  school,  of 
which  Major  Hey  Groves'-  is  the  champion,  contends,  as  did  the  old  surgeons, 
that  true  alinement  camiot  be  obtained  when  the  limb  is  extended  at  both 
knee  and  hip,  and  that  the  position  of  the  double  inclined  plane  is  the 
correct  one  ;  moreover,  continuous  weight  extension  is  favoured,  as  opposed 
to  fixation  in  extension. 

The  ])roccdure  of  plating  gunshot  fractures,  at  any  stage,  except  as  a 
very  exceptional  measure,  has  fallen  into  the  disrepute  the  results  justify. 

In  the  course  of  our  experience  in  this  war  we  have  treated  fractures  in 
accordance  with  both  the  above-mentioned  princij^les.  For  the  purposes  of 
transport,  there  can  be  no  question  that  the  Thomas  knee  splint,  or  one  of  its 
modifications,  is  the  best  arrangement  available.  On  account  of  its  extreme 
value  in  this  respect,  and  for  its  convenience  in  wound  treatment,  there  has 
been  a  tendency  to  perpetuate  its  use  in  the  classical  form  for  the  late  treat- 
ment of  unsuitable  cases.  From  our  observations  we  are  firmly  convinced 
that  in  fractures  in  the  lower  third  of  the  femur,  the  commonly  occurring 
flexion  of  the  lower  fragment  is  seldom,  if  ever,  completely  controlled  by  a 
straight  Thomas  knee  splint.  For  these  cases  we  have  used  the  Thomas 
splint,  but  bent  at  the  knee  level,  thus  obtaining  a  skeleton  inclined  })lane. 
By  the  use  of  this  method  our  results  have  been  much  improved,  as  far  as 
alinement  is  concerned. 

We  propose  here  to  deal  with  the  practical  treatment  of  gunshot  fractures 
of  the  thigh  in  the  period  during  which  wound  treatment  and  proper 
apposition  of  the  bone  fragments  are  the  chief  problems.  We  also  deal,  as 
far  as  our  experience  permits  us,  with  the  measures  which,  adopted  at  this 
stage,  assist  the  restoration  of  function. 

Our  conclusions  are  drawn  from  observations  on  198  cases.  System- 
atic notes  on  the  forms  furnished  by  the  National  Research  ('ommittee 
have  been  kept  on  the  last  consecutive  125  of  these  cases,  and  statements 
in  this  article  are  based  on  the  latter  group.  Cases  of  gross  injury  to  the 
knee  or  hip-joint  have  not  been  included  in  the  series,  nor  those  cases  in 
which  immediate  amputation  was  undertaken  for  spreading  gas  gangrene. 
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We  have  throughout  used  splints  and  material  of  standard  pattern,  and 
such  as  are  issued  from  the  Army  Medical  Stores. 

The  following  statistical  statement  gives  a  general  outline  of  the  cases 
dealt  with  : — 

Total  numljer  of  cases 


Fracture  in  subtrochanteric  area 

26 

.,           upper  thin!  of  femur 

21 

.,           middle  third 

30 

„            lower  thirci 

44 

„           supracondylar  area 

7 

both  limbs 

3 

Cases  not  infected 

10 

„      of  mild  infection 

16 

,,      medium  infection 

28 

„      severe  infection 

71 

Average  i)eriod  between  injur>'  and  observation 

78-8  hours 

„             „        of  observation  of  cases 

51 '5  days 

Average  amount  of  shortening  on  transfer 

0-378  inch 

Numl)cr  of  amputations 

4 

Number  of  deaths 

10 

'  Concussion  '  Fractures. — In  this  series,  13  cases  showed  fractures,  on 
cT  ray  examination,  either  oblique  or  of  the  'flixte  en  bee  '  type,  with  little  or 
no  comminution  at  the  scat  of  injury.  In  these  cases  the  missile  lodged, 
generally,  near  the  bone,  though  in  two  instances  it  appeared  to  have  no 
relation  to  the  latter.  Infection  of  the  wound  was  present  in  all  instances, 
and  was  classified  as  mild  in  5,  moderate  in  5,  and  severe  in  3.  In  no  ease 
did  signs  of  severe  bone  infection  ensue. 

This  type  of  fracture  is  presumably  due  to  the  local  concussion  action 
of  a  slow-travelling  missile.  In  general,  the  prognosis  for  this  class  of  fracture 
is  better  than  in  the  cases  in  which  the  bone  has  been  perforated  and 
comminuted. 

Our  aim  has  been  to  keep  every  case  under  observation  till  any  infective 
process  has  been  reduced  to  a  minimum,  and  till  imion  has  commenced  in 
good  line  and  without  imdue  shortening. 

The  final  functional  residts  we  have  only  been  able  to  observe  in  a  few 
cases,  though  we  have  received  reports  from  home  hospitals  of  the  after- 
course  of  a  fair  mmiber. 

WOUND     TREATMENT. 

As  might  be  expected,  in  the  course  of  dealing  with  an  extended  series 
of  eases,  the  method  of  wound  treatment  has  varied  with  the  ideas  of  the 
time.  As  the  full  discussion  of  this  complicated  subject  is  beyond  the  scope 
of  this  paper,  we  will  merely  state  our  views  of  it  in  dogmatic  form,  and 
attempt  to  define  what  we  conclude  to  be  the  ideal  procedure  in  these  cases. 

Primary  Operative  Procedure. — In  all  cases  satisfactory  drainage 
should  be  established  once  and  for  all  at  the  earliest  possible  moment  after 
the  injury.  Repeated  anaesthetics  and  operations  during  the  early  period 
are  to  be  deprecated  in  the  treatment  of  these  cases.  The  necessary  procedure 
should  therefore  be  effected  at  the  casualty  clearing  station,  where  in  any 
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case  the  patient  is  anaesthetized  for  cleaninjr  up  and  the  a])pIieation  of  a  splint. 
If  practicable,  the  snrface  of  the  whole  wound  track  should  be  excised  ; 
excision  or  incision  of  the  skin  woiuids  alone  is  a  useless  procedure.  All 
fragments  of  bone  lying  loose  should  be  removed  ;  if  left,  they  are  a  frequent 
source  of  persistent  local  infection  :  and  there  appears  to  be  no  doubt  that 
so  long  as  the  periosteum  is  not  unduly  damaged,  perfect  luiion  results, 
despite  the  loss  of  considerable  amounts  of  compact  bone.  We  prefer  to 
pack  the  wounds  so  treated  with  dry  sterile  gauze.  In  the  earlier  cases  of 
the  series  we  employed  tube  drainage  dow-n  to  the  bone  from  the  jiosterior 
wound,  but  the  limitation  of  infection  seems  to  be  better  effected  with  the 
simple  gauze  pack.  If  the  original  wound  or  wounds  do  not  furnish  posterior 
drainage,  a  four-inch  incision  should  be  made  on  the  postero-external  aspect 
of  the  limb,  and  access  gained  to  the  seat  of  fracture  along  the  line  of  cleavage 
between  the  outer  hamstrings  and  the  vastus  externus :  a  part  of  the  latter 
will  have  to  be  cut  away  in  order  to  make  the  opening  a  free  one. 

Routine  Dressing. — The  primary  gauze  pack  should  be  left  undisturbed 
for  two  or  three  days,  in  the  absence  of  signs  of  spreading  infection  ;  it  should 
be  removed  and  lightly  renewed  at  intervals  for  a  week  or  so  ;  at  the  end  of 
this  period,  in  favourable  eases,  no  further  mechanism  to  keep  the  wound  open 
will  be  necessary.  A  tube  drain  through  the  posterior  hole  down  to  the  bone 
should  be  employed  when  there  is  evidence  of  continued  osteitis  and  retention 
of  discharge.  In  these  latter  cases  a  considerable  saving  in  outside  dressings 
may  be  frequently  effected  by  passing  the  tube  between  two  support  slings  and 
allowing  the  discharge  to  drip  into  a  porringer.  The  outside  dressings  should 
be  changed  every  twenty-four  hours  while  acute  infection  is  still  active. 
During  all  processes  the  limb  should  be  moved  as  little  as  possible,  and  it 
should  never  be  necessary  to  roll  the  patient  on  his  side  for  any  purpose. 

Spreading  cellulitis  of  streptococcal  origin,  arising  as  it  commonly  does 
soon  after  the  injury,  is  best  left  to  take  its  own  course,  assuming  that  proper 
drainage  has  been  established  in  the  first  place.  Further  incisions  at  this 
stage  hinder  rather  than  assist  the  patient's  natural  defence. 

We  ha\"e  seen  no  case  of  erysipelas  at  this  stage,  though  it  occurred  spora- 
dically in  four  cases  after  sequestrectomies,  and  then  pursued  a  usual  course. 

The  Bacillus  aerogenes  capsulatus  is  present  in  many  cases  of  severe 
infection,  but  it  does  not  lead  to  progressive  necrosis  and  toxaemia  in  those 
in  which  the  wounds  have  been  laid  open  in  good  time.  If  gas  formation 
occurs  in  such  an  open  wound,  and  no  severe  toxtemia  is  present,  the  case 
should  be  left  quiet,  and  the  woimd  will  rapidly  clean  up.  When  spreading 
gangrene  occurs,  free  incisions  may  suffice  to  arrest  the  process  ;  if  there  are 
signs  of  severe  toxaemia,  amputation  will  be  the  only  course.  Local  excision 
of  the  necrotic  area  in  this  class  of  case  does  not  seem  to  be  practicable  so 
frequently  as  in  lesions  in  the  lower  part  of  the  leg. 

SPLINTS. 

The  treatment  of  infective  gunshot  fractures  may  be  roughly  divided 
into  three  periods,  in  each  of  which  the  splint  problem  varies  slightly.  These 
are  :  (1)  The  period  of  early  transport ;  (2)  The  period  of  acute  infection  ; 
(8)  The  period  of  healing. 
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1.  The  Period  of  Transport. — The  Thomas  knee  splint  is  the  best  avail- 
able appliance.  It  is  easily  paeked  and  handled,  and  is  simply  applied.  It 
affords  means  of  efficient  self-contained  extension,  and  allows  of  free  access 
to  all  wounds.  Moreover,  it  is  sufficiently  efficient  even  when  the  ring  does 
not  fit. 

For  those  cases  in  which  the  presence  of  a  wound  about  the  hip-joint 
prevents  the  application  of  a  Thomas  splint,  a  Liston  long  outside  splint,  or 
some  modification  of  it,  is  most  suitable.  It  is  not  easily  applied  efficiently, 
on  account  of  the  difficulty  in  fixing  it  firmly  to  the  pelvis,  and  it  is  not 
convenient  for  wound  treatment. 

2.  The  Period  of  Acute  Infection. — The  Thomas  knee  splint  is  suitable 
for  all  fractures  occurring  in  the  lower  two-thirds  of  the  bone.  It  secures  the 
necessary  immobilization  under  moderate  extension,  and  affords  free  access 
to  the  woiHids.  For  all  fractures  in  the  upper  third,  the  Ho<lgen  splint  is 
well  suited  at  this  stage. 

3.  The  Period  of  Healing. — This  ma}'  be  regarded  as  commencing  in  the 
second  or  third  week.  The  chief  object  is  to  secure  proper  position  of  the 
bone  fragments.  In  the  lower  third  of  the  bone  we  use  the  Thomas  splint 
in  a  modified  form  ;  the  leg  is  pulled  o»it  to  full  or  over  length,  and  then, 
generally  under  anaesthesia,  put  up  in  flexion  in  the  same  splint  bent  at  the 
knee  level.  Fractures  in  the  middle  third  can  readily  be  controlled  in  the 
classical  form  of  the  Thomas  splint.  For  the  upper  third  we  use  the  Hodgen 
splint  in  general ;  in  some  cases,  however,  it  is  difficult  to  maintain  sufficient 
flexion  at  the  hip  to  secure  good  alincment,  and  other  measures  must 
be  adopted. 

Details  of  the  Thomas  Knee  Splint — The  proper  action  of  this  splint 
depends  on  a  close  fit  of  the  ring,  so  that  the  upper  point  d'appui  shall  be  the 
ischial  tuberosity.  For  average  cases,  rings  with  an  internal  circumference 
of  23  to  2G  inches  secure  this  condition.  The  impositions  of  active  ser%'ice 
have  as  yet  made  it  impossible  to  secure  a  fit  in  the  majority  of  cases,  and  we 
have  commonly  used  splints  with  an  inside  diameter  of  27  inches  or  more ;  such 
splints  take  purchase  in  the  main  on  the  bones  of  the  ischio-sacral  angle,  and 
though  not  so  comfortable  as  the  correct  pattern,  they  allow  of  full  extension 
being  made.  To  all  these  splints  we  add  a  prop  of  aluminium.  This  prop 
(see  Fig.  25)  should  be  wide  based,  and  placed  at  least  six  inches  up 
from  the  foot  level,  so  that  there  is  no  risk  of  its  slipping  over  the  edge 
of  a  stretcher.  The  malleable  nature  of  the  prop  allows  of  its  being  adapted 
to  the  slope  of  the  stretcher  when  necessar}^;  if  made  of  iron,  an  adjust- 
ment for  this  purpose  should  be  provided.  A  foot-supporting  arch  may 
be  added  in  some  cases,  but  we  prefer  a  balanced  foot  suspension,  for 
reasons  given  below. 

Modifications  of  the  Thomas  Splint. — The  best  known  of  these  is  the 
Wallace-Maybury  splint.  In  our  opinion  this  splint  possesses  no  advantages 
over  the  original  pattern,  and  has  certain  definite  shortcomings.  It  is 
expensive  and  cumbersome.  The  side  bars  are  so  massive  that  no  bending 
of  them  is  practicable.  The  rectangular  fixed  position  of  the  foot  which  the 
splint  imposes  is  unsatisfactory,  for  the  following  reasons  :  (1)  The  right- 
angled  position  of  the  foot  increases  the  tension  on  the  gastrocnemii,  and  so 
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tends  to  increase  any  flexion  of  the  lower  fragment ;  (2)  The  fixation  of  the 
foot  impedes  the  maintenance  of  function  in  the  lower  part  of  the  leg  during 
treatment. 

Another  modification  was  introduced  by  one  of  us  (C.  M.  P.  )J  It  is  made 
from  the  standard  aluminium  splinting,  and  was  designed  for  transport. 
Its  malleable  crutch  makes  it  serviceable  for  this  purpose,  and  the  prop  is 
a  useful  feature.  For  continued  treatment  the  splint  is  not  sufficiently  rigid 
to  procure  full  extension  in  any  but  light  cases. 


Fio.  25. 


-Thomas  knee  splint  applied,  and  suspended  from  a  beam.     A  moulded  plaster 
foot-piece,  with  balance,  for  cases  of  foot-drop,  is  also  shown. 


Details  of  the  Hodgen  Splint. — We  employ  the  standard  pattern  of 
this  splint,  but  do  not  use  the  original  form  of  suspension  and  extension.  The 
splint  is  himg  from  a  Balkan  beam  (Fig.  26),  from  two  adjustable  levels. 
Extension  is  applied  by  a  weight  attached  to  the  end  of  the  splint,  the 
attachment  running  over  a  i)ulley  in  the  upright  of  the  beam.  This  method 
has  been  described  by  Stimson^  and  He}^  Groves.^ 

Details  of  Extension  Attachment — For  both  of  the  above-described 
splints  we  commonly  use  an  extension  attachment  of  the  Buck  type.  The 
application  is  made  with  ordinary  adhesive  strapping,  or  by  means  of  Heusner's 
glue  applied  to  fine  cotton  bandaging.     The  latter  adhesive  consists  of : — 


Methylated  spirit 

Benzine 

Resin  (commercial) 

Venice  tuq)entine 


50  c.c. 

25  c.c. 

50  grms. 

5  grms. 


We  prefer  to  use  ordinary  adhesive  strapping,  as  it  seems  less  inclined  to 
produce  vesication  of  the  skin,  and  when  it  does  give  way,  does  so  gradually 
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and  not  with  the  completeness  which  is  characteristic  of  the  ghie  application. 
A  stirrup  or  spreader  wide  enough  to  prevent  pressure  on  the  malleoli  is 
set  in  the  foot  end  of  the  extension  unit. 

Transfixion  of  the  hone  for  extension  purjx)ses  has  a  strong  advocate  in 
Major  Hey  Groves.  The  advantage  common  to  the  method  in  all  situations  is 
the  ease  with  which  full  extension  may  be  effected.  In  cases  where  the  lower 
fragment  of  the  femur  can  be  transfixed,  the  method  has  the  further  advantage 
that  the  knee-joint  is  left  free  from  pull  or  fixation,  and  the  lower  fragment 
can  be  suspended  in  any  position.  \Vc  have  used  transfixion  pins  in  several 
cases  where  it  was  imjxjssiblc  to  apply  a  Buck  extension,  or  where  a  fuller 
control  of  the  lower  fragment  of  the  femur  was  required.     For  the  femur  we 


Fig.  26. — Method  of  suspension  and  applying  extension  in  the  case  of  a  Hodgen  splint. 


use  pointed  steel  pins  4  mm.  in  diameter,  and  for  the  os  calcis  similar  pins 
3  mm,  in  diameter.  The  pins  can  be  readily  made  from  steel  knitting-needles 
of  the  appropriate  size.  In  the  absence  of  a  proper  drill,  we  hammer  the 
nails  into  place,  according  to  Wihns'^  technique.  A  horseshoe  bent  from 
aluminium  splinting  affords  the  coupling  for  the  extension,  as  shown  in  Fig.  27. 
The  risk  of  infection  has  always  to  be  borne  in  mind  in  using  this  method, 
and  we  do  not  consider  it  a  suitable  one  for  conditions  of  active  service,  save 
in  exceptional  cases. 

Anklet  extension  attachments  have  not  proved  a  success.  We  have 
used  moulded  plaster-of-Paris  anklets,  and  also  the  usual  leather  type,  and 
— especially  with  the  latter — have  found  that  sores  over  prominences  are 
rapidly  formed  if  any  degree  of  extension  is  exerted. 
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Application  of  Splints. — The  skeleton  splints  described  are  eomplcted 
by  slings.  We  prefer  old  linen  for  this  purpose  above  anything  ;  it  does 
not  stretch,  and  yet  is  easily  adaptable  to  the  contour  of  the  limb  ;  it  is 
absorbent,  and  not  irritating  to  the  skin.  Flannel  has  its  uses  for  this  purpose, 
but  stretches  too  readily  to  be  of  full  service  in  the  healing  period.  Enough 
slings  should  always  be  used  to  support  as  comj)letely  as  possible  the  posterior 
surface  of  the  limb ;  they  should  be  so  arranged  about  the  fracture,  that  when 
the  dressing  slings  are  removed,  both  fragments  are  still  held  in  place  by  others. 
Zinc  troughs  in  place  of  slings  do  not  appear  to  have  much  to  recommend 
them ;    unless  they  are  very  carefully  applied  they  are  liable  to  cut  the  skin 
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-Transfixion  of  lower  end  of  femur  in  a  case  of  subtrochanteric  fracture, 
and  suspension  with  a  weight  of  20  lb.  at  a  right  angle. 


at  their  margins ;    moreover,  they  render  the  posterior  surface  of  the  thigh 
inaccessible. 

The  extension  is  attached  to  the  splint  by  a  strap  passing  over  the  notch 
in  the  splint  and  the  stirrup  of  the  extension  (see  Fig.  28).  This  method  gives 
a  simple  extension  which  is  easily  regulated.  We  consider  the  method  of 
tying  the  extension  strips  round  the  end  of  the  splint,  advocated  by 
Lieutenant-Colonel  Jones,i  to  be  unsatisfactory  for  gunshot  fractures ;  in 
our  experience  it  has  not  been  possible  or  even  desirable  to  obtain  full 
extension  at  the  time  the  splint  is  first  applied.  If  this  is  admitted,  some 
adjustable  form  of  attachment  must  be  supplied,  and  the  strap  system 
answers  the  purpose  as  efficiently  as  the  more  elaborate  and  slower  acting 
screw  arrangements. 
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Afler-Treatment. — During  stationary  treatment,  the  Thomas  spHnt,  as 
well  as  the  Hodgen,  should  be  suspended  from  a  beam  {Fig.  28),  This  allows 
more  freedom  to  the  patient,  and  facilitates  nursing  and  dressing. 

The  maintenance  of  extension  presents  no  difficulties  in  the  case  of  the 
Hodgen  splint.  In  the  case  of  the  Thomas,  the  so-called  'fixed  extension'  is 
really  an  elastic  pull,  owing  to  the  resilience  of  the  tissues  covering  the  point 
(Vappui,  and  the  elasticity  of  the  skin  to  which  the  extension  is  attached. 
This  extension  is  kept  up  by  tightening  the  strap  as  necessary,  and  in  most 
cases  the  limb  can  be  so  pulled  out  to  full  length  or  over.  Failure  in  this 
respect  is  usually  due  to  intolerance  on  the  part  of  the  patient  to  the  continued 


Fig.  28. — A  Thomas  knee  splint  bent  at  the  knee  level  for  a  case  of  fracture 
in  the  lower  third  of  the  femur.  The  method  of  strap  attachment  of  the  fixed 
extension  is  well  shown. 

counter-pressure.  In  such  cases,  or  if  a  sore  forms  over  the  ischium,  weight 
extension  may  be  attached  to  the  lower  end  of  the  splint,  as  is  done  in  the 
Hodgen  splint.  This  form  of  extension  can  be  continued  to  the  end  of 
treatment  or  not,  as  may  be  convenient. 

Pressure  sores  should  not  develop  imder  the  ring  of  the  Thomas  splint 
if  the  parts  exposed  to  pressure  are  cleaned  with  spirit,  powdered,  and  gently 
rubbed  twice  daily.  It  should  be  remembered  that  such  sores  in  any  part 
are  most  readily  formed  soon  after  the  application  of  a  splint,  before  the  skin 
and  subcutaneous  tissues  have  adapted  themselves  to  the  new  arrangements. 
In  early  transport,  therefore,  powerful  extension  should  not  be  applied,  and 
any  complaint  of  the  patient  as  to  pressiu-e  should  be  carefully  attended  to. 

Position  of  the  Foot. — In  both  the  above-described  splints,  if  there  is  no 
paralysis,  the  foot  should  be  allowed  to  lie  in  the  natural  position,  i.e.,  sliglitly 
everted  and  plantar  flexed.     The  patient  should  be  encouraged  to  move  the 
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foot  at  intervals.  If  the  foot  is  left  in  this  way,  foot-drop  docs  not  develop, 
and  Tuiion  of  the  fragments  will  oeenr  in  the  normal  position  without  the 
inversion  whieh  is  often  seen  in  eases  in  whieh  the  foot  has  been  fixed  at 
a  right-angle.  It  should  be  remembered  that  after  a  fraeture  below  the 
troehanter,  the  upper  fragment  is  maintained  in  the  everted  position  by  the 
action  of  the  glutei. 

Control  of  Foot-drop. — Some  degree  of  paralysis  of  the  anterior  tibial 
group  was  j)rescnt  in  17  of  the  eases  in  our  series.  The  best  method  of 
control  seems  to  be  to  apply  a  plaster  cast  to  the  sole  of  the  foot  {Fig.  25) ; 
the  toe^are  thus  kept  in  jiosition,  and  the  whole  foot  is  balanced  by  a  small 
counter-weight  acting  over  a  pulley  on  the  beam.  This  method  allows  of 
active  movement  at  the  ankle,  while  normally  maintaining  the  paralyzed 
muscles  in  a  lax  position.  Fixation  of  the  foot  to  an  arch  or  foot-board 
attached  to  the  splint  is  not  so  satisfactory  for  prolonged  treatment. 

CONTROL    OF    BONE   FRAGMENTS. 

For  the  first  week  or  tAvo,  in  severely  infected  cases,  the  limb  should  rest 
comfortably,  and  no  forcible  effort  be  made  to  pull  it  out  to  full  length  ; 
strong  long-axis  extension  increases  the  tension  in  the  aponeurotic  sheath  of 
the  thigh,  and  so  prejudices  the  course  of  the  natural  reaction  to  the  infective 


Fig.  29. 


Carrier  for  a  Hodgen   splint.     Thi>'    ha-s    been   made   from  a  large- 
ringed  Thomas  knee  splint. 


process.  In  clean  cases,  or  in  those  mildly  infected,  the  bones  should  be 
brought  into  their  proper  position  in  the  first  week  of  treatment. 

An  x-ray  examination  is  required  before  a  deliberate  attempt  is  made  to 
aline  the  fragments  tridy.  Plates  taken  in  two  ])lanes  at  right  angles  are 
necessary.  This  is  difficult  to  achieve  in  the  upper  third,  and  one  may  have 
to  trust  to  a  stereoscopic  view.  Captain  J.  N.  Ferguson  has  taken  some 
excellent  plates  for  us,  however,  getting  a  lateral  view  of  the  upper  part  of 
the  bone  by  flexing  the  thigh  of  the  vniinjiired  side,  placing  the  plate  to 
the  outer  side  of  the  injured  limb,  and  taking  the  picture  from  inside  and 
below 

In  order  to  overcome  the  difliculty  of  taking  x  rays  of  patients  in 
Hodgen's  splints,  we  have  devised  a  carrier  (Fig.  29),  which  slings  the  splint  in 
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its  usual  position  and  maintains  extension.  It  is  made  from  a  large  ringed 
Thomas  knee  splint.  A  carrier  is  required  for  each  side.  To  form  the  carrier, 
the  outer  bar  of  the  Thomas  is  cut  away  from  the  ring,  and  bent  so  as  to  form 
a  wide-based  high  prop  at  about  mid-leg  level ;  the  free  extremity  of  the  prop 
is  boiuid  to  the  inner  bar.  The  ring  is  cut  through  behind,  and  bent  so  as  to 
form  an  arch  Avhich  passes  around  and  above  the  upper  extremity  of  the 
Hodgen  splint.  To  prepare  the  patient  for  transport,  the  upper  arch  of  the 
Hodgen  is  suspended  from  the  central  part  of  the  carrier  arch.  The  lower 
part  of  the  Hodgen  rests  on  the  narrower  extremity  of  the  carrier  {Fig.  30). 
A  strap  is  then  passed  round  the  end  of  the  Hodgen  and  the  notch  in  the 
carrier,  and  tightened  till  the  'fixed  extension'  so  effected  equals  the  weight 
extension,  the  upper  point  d'appui  being  formed  by  the  inner  leg  of  the  arch 
of  the  carrier  abutting  on  the  perineum.  The  weight  is  then  detached  from 
the  Hodgen  splint,  and  the  patient  is  ready  for  removal. 


Fio.  30. — The  Hodgen  carrier  in  use.  The  .splint  is  suspended  from  the  arch  of  the 
carrier  above,  and  rests  on  the  lower  part.  '  Fixed '  extension  is  effected  by  means  of  a 
strap,  the  inner  limb  of  the  arch  of  the  carrier  exerting  counter-pressure  in  the  f)erineuni. 

Measurement  of  the  limb  is  important,  but  it  does  not  reveal  flexural 
displacements  of  the  fragments. 

Principles  Determining  the  Reduction  of  Displacement  of  Frag- 
ments.— Long-axis  traction  is  imdoubtcdly  the  main  factor  which  determines 
the  return  of  the  fragments  to  their  natural  position.  Its  first  action  is  to 
disentangle  the  ends  of  the  fragments  from  the  surroimding  tissues,  and  to 
draw  the  ends  ajjart  so  that  they  can  move  independently  of  one  another. 
Its  second  action  is  to  increase  the  tension  within  the  fascial  sheath  of  the 
limb  ;  the  tension  produces  a  circumferential  force  acting  on  the  freed  bone 
ends,  and  tends  to  push  them  back  into  their  normal  place,  where  they  occup}' 
the  least  space. 

The  displacement  of  the  fragments  is  due  to:  (1)  The  force  of  impact 
of  the  missile  ;  (2)  The  forces  acting  as  the  patient  falls  ;  (3)  The  tonic  action 
of  muscles  on  the  fragments  after  the  normal  balance  of  muscular  action  has 
been  destroyed  by  the  loss  in  skeleton  continuity. 

The  displacement  due  to  the  first  two  causes  is  controlled  once  the  bone 
ends  are  disentangled  by  long-axis  traction.     That  due  to  muscle  tone  will 
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continue  to  produce  a  certain  displacement,  unless  :  (a)  A  sufficient  reducing 
force  can  be  applied,  either  through  tension  produced  by  long-axis  traction, 
or  by  the  direct  action  of  pads  acting  from  an  outside  mechanism  ;  (b)  The 
joint  on  which  the  muscle  acts  is  so  placed  that  the  latter  becomes  completely 
relaxed. 

In  dealing  with  the  lozcer  half  of  the  femur,  flexion  of  the  lower  fragment 
(except  in  impacted  eases)  is  constantly  observed  ;  the  muscles^  acting 
imopposed,  which  i3roduce  the  displacement  being  the  gastrocnemii  and  short 


^ 


Fig.  31. 


Sliowing  the   extreme   flexion   of  the   lower  fragment  in  a  supracondylar 
fracture.      Long-axis   exten.'<ion  failed  to  effect  replacement. 


head  of  the  biceps.  If  the  fracture  be  towards  the  middle  of  the  bone,  the 
reducing  forces  will  be  acting  as  a  long  lever  against  the  muscle  tone,  and  so 
reduction  of  the  displacement  is  easily  effected  ;  in  practice,  the  use  of  the 
Thomas  knee  splint  gives  excellent  alinement  in  the  middle  third  fractures. 
As  the  fracture  gets  nearer  and  nearer  the  condyles,  so  the  le\erage  through 
which  the  reducing  force  acts  diminishes,  till,  in  a  true  supracondylar  fracture, 
the  lov.er  fragment  maj'^  be  sharply  flexed  {Fig.  31)  and  no  degree  of  long-axis 
traction  will  have  any  reducing  effect  upon  it. 
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The  same  principles  apply  to  displacements  in  the  upper  half  of  the  femur. 
The  almost  constant  displacement  in  the  upper  third  is  flexion  due  to  the 
unopposed  action  of  the  ilio-psoas,  and  abduction  and  external  rotation  caused 
by  the  gluteal  muscles.  In  fractures  at  the  junction  of  the  upper  and  middle 
thirds  of  the  thigh,  long-axis  traction  has  some  reducing  force;  but  in  the 
subtrochanteric  area  it  exerts  little  or  none. 

In  support  of  the  above  statements  the  following  clinical  observations 
may  be  quoted  :  In  the  51  cases  of  fracture  in  the  lower  third  of  the  femur 
in  our  series,  we  have  observed  flexion  of  the  lower  fragment  in  47  ;  in  the 
remaining  4  the  fragments  were  impacted.  The  flexion  has  never  been  com- 
pletely corrected  by  long-axis  traction  in  a  straight  Thomas  knee  splint.  If  the 
finger  be  passed  into  the  wound  on  to  the  top  of  the  lower  fragment  when  the 
leg  is  under  forced  extension  in  the  extended  ix>sition  no  reduction  of  the 
flexion  can  be  felt  to  take  place  beyond  a  limited  point,  however  great 
the  weight  applied  ;  the  flexion  is  felt  to  be  greater  when  the  foot  is  held 
at  a  right  angle  than  when  it  is  allowed  to  drop,  and  the  flexion  of  the 
fragment  can  be  at  once  increased  by  powerful  dorsiflexion  of  the  foot. 

TECHNIQUE    OF    REDUCTION. 

Lozcer  Third  of  the  Femur. — If  the  case  is  a  clean  one,  alinement  may 
be  obtained  at  once,  and  the  limb  put,  after  extension,  in  a  bent  splint 
as  described   below.      In  general,  however,  we  treat  infected  cases  for  two 


Fig.    32. — .Arrangement    for    exerting  weight  extension    during    operation  or  application 

of  plaster  appliance?. 


or  three  weeks  on  a  straight  Thomas  splint.  During  this  period  the  wound 
infection  will  have  settled,  and  by  keeping  the  strap  acting  on  the  exten- 
sion stirrup  tight,  the  limb  will  have  been  pulled  out  to  full  length.  At 
this  stage  a:-ray  plates  in  two  planes  will  show  wliat  has  to  be  done.  A 
prophylactic  dose  of  antitetanic  serum  is  given  two  days  before  manipulation. 
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In  a  few  cases  antrsthcsia  may  be  unnecessary,  the  fragments  practically 
'hinging'  into  position  on  flexion  of  the  leg  at  hip  and  knee.  As  a  rule  it  »vill 
be  necessary  to  put  a  finger  on  the  wound,  to  determine  the  jjosition  of  the 
fragments  and  to  guide  them  into  place.  (Jver-cxtension  with  a  weight  (uj) 
to  90  lb.),  by  means  of  the  appliance  shown  in  Fig.  32,  is  effected  when  free 
disentanglement  of  the  fragments  is  required.  Sometimes  the  removal  of 
the  tips  of  the  fragments  with  bone  pliers  may  enable  otherwise  obstinate 


Fio.  33. — Fracture  in  lower  third  of  the 
thigh,  showing  flexion  of  the  lower  fragment 
uncorrected  by  long-axis  extension  in  a 
Thomas  splint. 


Fig.  34. — The  same  case  after  manipu- 
lation and  fixation  in  a  Thoma.s  splint  bent 
at  the  knee. 


cases  to  fall  into  line.  At  the  completion  of  the  manipulation,  the  fragments 
should  be  in  one  of  three  positions,  viz.  :  (1)  Impacted  {Figs.  33,  34); 
(2)  Loosely  opposed  end  to  end  {Figs.  35,  36,  and  37,  38) ;  (3)  Opposed 
side  to  side  parallel  {Figs.  39,  40).  The  last  condition  must  be  admitted  a 
faihire,  and  should  only  occur  when  the  reduction  is  undertaken  too  late. 

The  manipulation  having  been  completed,  the  limb  is  kept  flexed  and 
extended  by  an  assistant  while  a  Thomas  knee  splint,  bent  at  an  angle  of 
about  45°  at  or  just  above  the  knee  level,  is  applied.     The  position  of  the 
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slings  about  the  fracture  requires  attention.  Two  narrow  'fixation'  slings 
of  folded  linen  are  applied  so  as  to  support  the  fragments  near  their  ends  ; 
that  opposing  the  flexion  of  the  lower  fragment  is  the  most  imjxirtant.  These 
two  slings  should  remain  constantly  in  position  imtil  consolidation  of  the 
fracture  has  commenced.  A  'dressing'  sling  which  controls  the  woimd  is 
applied  between  the  two  fixation  slings.  Extension  is  applied  by  a  strap 
as  described  above,  or  by  means  of  a  weight  if  more  convenient. 


Fig.  35. — Fracture  in  lower  third  of 
the  thigh;  flexion  of  the  lower  fraginent 
not  reduced  b\'  being  pulled  out  over-length 
in  a  Thomas  splint. 


Fig.  36. — The  same  fractui^e  put  up  in 
the  flexed  position,  after  the  removal  of  a 
bone  fragment. 


\Ve  have  not  obser\ed  any  reaction  after  quiet  reposition.  When  the 
procedures  have  been  more  vigorous,  the  local  infective  process  may  have 
flared  up,  but  it  has  never  been  necessan,'  to  alter  the  position.  CEdema 
of  the  foot  and  leg  often  results  from  sling  pressure  in  the  popliteal  space; 
a  little  adjustment  of  sling  or  extension  will  remedy  this.  Sling  pressure 
on  the  external  popliteal  nerve  is  dealt  with  below. 

When  the  leg  is  in  the  flexed  position,  care  must  be  taken  that  lateral 
angulation  of  the  fragments  does  not  occur.     Adduction  of  the  upper  fragment 
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is  the  rule  in  these  cases,  and  accounts  for  the  tendency  of  the  hmb  to  fall  into 
the  position  of  knock-knee.  The  adduction  results  ^from  the  action  of  the 
adductor  muscles,  and  is  accentuated  by  the  position  of  relative  abduction 
assumed  by  the  injured  limb.  This  abduction  is  secondary  to  the  tilting 
down  of  the  pelvis  on  that  side,  which  occurs  in  practically  every  case.  If 
the  adduction  of  the  upper  fragnunt  is  not  corrected  by  long-axis  traction, 
the  fragment  should  be  drawn  outwards  by  a  small  padded  splint  applied 


Fig.  37.  —  Oblique  fracture  ('  concussion ' 
type)  in  lower  third  of  thigh  showing  persistent 
flexion  of  the  lower  fragment. 


Fig.  38. — The' same  fracture  put  up  in  the 
flexed  position,  showing  fair  reduction  of  the' 
displacement. 


to  the  inner  side  of  the  thigh  and  strapped  across  to  the  outer  bar  of  the 
splint;  the  lower  fragment  may  be  counterfixcd  below.  This  displacement 
is  easily  treated  in  the  first  few  weeks  of  the  injury,  but  is  very  difficult  to 
control  later. 

The  treatment  of  the  case  is  continued  in  the  bent  splint  till  the  union 
is  firm.  If  any  degree  of  impaction  has  been  effected  after  manipulation, 
very  little  extension  is  required  to  maintain  the  position. 

Middle  and  Upper  Thirds  of  the  Femur.— The  displacement  in  this  class 
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of  injury  can  be  conveniently  controlled  in  the  classical  Thomas  splint. 
Long-axis  traction  alone  suffices  to  reduce  the  fragments.  Fractures  at  the 
junction  of  the  H}>per  and  middle  third  also  often  come  into  line  in  the  same 
way. .  If.  how  t  \  c  r.  flexion  of  the  upper  fragment  is  not  overcome,  the  methods 
adopted  for  subtrochanteric  fractures  will  apply. 

Subtrochanteric  Fractures.- — The  upper  fragment  is  in  most  cases  abducted 
and  flexed.  The  displacement  in  both  directions  may  be  extreme.  When 
the  lesser  trochanter  is  detached  from  the  main  fragment,  the  displacement 


Fig.  39. — Fracture  in  lower  third  of  the 
femur,  incompletely  pulled  out  on  accoimt  of 
the  nature  of  the  woimds ;  marked  flexion  of 
lower  fragment. 


Fig.  40. — The  same  fracture  put  up  in 
flexion  four  weeks  after  the  injiuy.  Correct 
replacement  ha^  not  been  obtained,  but  the 
fragments  now  lie  i>arallel. 


does  not  occur:  and  in  one  instance  {Case  118),  though  the  lesser  trochanter 
was  intact,  the  lower  fragment  lay  in  front  of  the  upper.  The  lower  fragment 
is  usually  adducted,  or  appears  to  be  relatively  so. 

The  upper  fragment  is  quite  uncontrollable,  and  so  the  aim  must  be  to 
aline  the  lower  with  it  as  far  as  possible.  A  Hodgen  splint,  employed  as 
described  above,  is  effective  in  many  cases  ;  the  important  points  are  to  flex 
the  thigh  as  far  as  possible,  and  to  arrange  a  sling  to  bring  the  upper  end  of 
the  lower  fragment  well  for^vard. 
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Transfixion  of  the  lower  Iraijment  just  above  the  condyles  can  be  of  great 
value  in  these  cases.  With  fractures  at  this  level,  the  procedure  involves  the 
minimum  risk  of  infection,  and  renders  possible  the  complete  control  of  the 
lower  fragment.  In  Case  115,  adopting  this  ])rocedure,  the  thigh  was  held 
at  a  right  angle  to  the  body  in  order  to  aline  the  fragments  {Fig.  27).  The 
limb  was  maintained  in  this  position  for  five  weeks,  and  then  gradually 
allowed  to  drop  to  the  normal. 

COMPLICATIONS. 

Nerve  Injury.— Eleven  cases  of  primary  nerve  injury  were  observed  in 
this  scries.  The  great  sciatic  was  involv'cd  in  6,  the  external  popliteal  in  4, 
and  the  anterior  crural  in  1. 

Secondary  paralysis  or  jiaresis  in  the  distribution  of  the  external  jiopliteal 
occurred  in  7  cases,  in  all  but  one  of  which  it  cleared  up  within  six  weeks.  The 
lesion  appeared  to  be  due  to  sling  pressure  on  the  nerve  in  all  these  cases. 
The  level  at  which  the  pressure  is  most  often  exerted  is  near  the  head  of  the 
fibula,  but  in  two  cases  it  seemed  jirobable  that  the  effect  was  produced  in  the 
supracondylar  area.  This  complication  should  be  avoided  by  leaving  the 
areas  mentioned  free  from  pressure  as  far  as  possible,  or  at  any  rate  by 
relieving  it  as  soon  as  subjective  signs  are  complained  of  in  the  distribution 
of  the  nerve  in  question. 

In  Case  112  complete  paralysis  of  the  sciatic  nerve  developed  in 
the  sixth  week.  The  case  was  one  of  fracture  at  the  junction  of  the 
upper  and  middle  thirds  of  the  bone ;  the  paralysis  was  possibly  due 
to  sling  pressure  on  the  nerve  over  the  prominent  upper  end  of  the  lower 
fragment. 

Treatment  during  the  period  under  review  is  limited  to  control  of  the  foot 
and  the  maintenance  of  the  nutrition  of  the  affected  muscles  by  massage. 
The  method  used  for  balancing  the  foot  is  detailed  above,  and  illustrated 
in  Fig.  25. 

Injury  to  Arteries. — Primary  damage  to  the  main  vessel  was  noted  in 
3  cases  of  the  series.  In  2  cases  the  injury  was  due  to  rifle-bullet  wounds 
which  did  not  become  infected.  In  Case  10  a  diffuse  aneurysm  formed  in 
the  lower  part  of  the  thigh ;  the  pulsation  in  this  gradually  decreased,  till  at 
the  end  of  four  weeks  it  was  localized  to  an  area  the  size  of  a  halfpenny.  In 
Case  68  an  arterio-venous  aneurysm  formed  in  the  lower  end  of  the  common 
femoral ;  the  size  of  the  swelling  diminished  during  the  month  the  patient 
was  under  observation  ;  but  ligature  of  the  artery  was  foiuid  to  be  necessary 
later,  and  was  carried  out  in  England.  In  Case  59  a  shell  fragment  entered 
the  front  of  the  thigh  in  the  middle  line  one  inch  above  the  upper  border 
of  the  patella;  the  missile  perforated  the  femur  just  above  the  condyles, 
and  after  notching  the  popliteal  artery,  lodged  imder  the  skin.  A  progressive 
painful  ha^matoma  formed,  threatening  the  nutrition  of  the  leg.  Five  days 
after  injury  the  missile  was  removed,  the  clot  turned  out,  and  the  popliteal 
artery  and  vein  Avere  tied  on  either  side  of  the  injury.  The  patient  made 
an  uninterrupted  recovery,  without  damage  to  the  foot  or  infection  of 
the  knee-joint. 
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Exposure  of  the  nxiiit  vessels  in  the  primary  wound  was  noticed  in  18  cases; 
in  5  of  these  haemorrhage  occurred  later. 

Secondary  hannorrhage  occurred  in  17  cases,  with  2  deaths.  The  average 
time  after  injury  when  it  occurred  was  nineteen  days,  the  shortest  period 
being  eight,  and  the  longest  fifty-one ;  in  the  latter  case  bleeding  was 
definitely  due  to  a  sharp  fragment  perforating  the  popliteal  artery  after  the 
changing  of  a  splint.  In  6  the  bleeding  was  from  the  main  vessel.  The 
treatment  adopted  for  these  cases  was  amputation  in  Cases  20  and  26, 
followed  by  recovery.  In  the  remaining  four  (Cases  33,  39,  111,  and  112), 
the  vessel  was  tied  in  the  wound ;  the  first  two  died  shortly  after  operation, 
the  others  recovered.  The  bleeding  was  apparently  from  minor  vessels  in  11 
cases.  H?pmostasis  was  effected  by  ligature  of  the  vessel  in  2  cases  and  dry 
packing  in  9.  Recurrence  occurred  in  two  of  the  latter  cases,  and  was  finally 
controlled  by  clamping  the  bleeding  area  with  artery  forceps,  which  were  left 
in  situ  for  three  days. 

Standard  Treatment. — A  tourniquet  is  applied  in  the  first  instance  ;  this 
should  not  be  left  on  for  more  than  half  an  hour.  As  soon  as  |)ossible  after- 
wards, the  patient  is  an;esthctized  and  search  made  for  the  bleeding  point. 
A  good  view  of  the  whole  wound  must  be  obtained,  and  any  part  where 
fragments  may  impinge  on  the  main  vessels  should  be  especially  inspected. 
If  the  bleeding  vessel  can  be  foimd,  it  is  ligatured  as  near  as  possible  to  the 
aperture ;  if  it  is  necessary  to  tie  the  jx)pliteal  artery,  the  vein  should 
also  be  included.  If  no  vessel  is  foimd,  a  dry  gauze  pack  of  the  whole 
wound  track  is  the  only  resource.  The  pack  should  be  removed  as  soon 
as  suppuration  has  rendered  it  easily  movable — its  longer  retention  will 
only  encourage  recurrence  of  bleeding.  Recurrent  haemorrhage  appears  to 
be  commonly  due  to  failure  to  locate  a  fair-sized  oix^ning  in  a  vessel  at 
the  first  inspection. 

Osteitis. — In  all  infected  cases  some  involvement  of  the  bone  must  be 
present,  but  the  frequency  with  which  signs  of  osteomyelitis  rapidly  pass  off 
is  remarkable.  In  this  series,  30  cases  of  persistent  pyrexia  were  attributed 
to  bone  infection ;  the  other  less  common  cause  of  the  condition  being  a 
slow-spreading  cellulitis  with  intermuscular  abscess  formation. 

In  most  cases  .r-ray  examination  showed  definite  rarifying  osteitis  in 
the  region  of  the  fracture,  with  irregular  sequestration.  In  Cases  16  and 
46  the  fracture  was  oblique,  and  the  fractured  surfaces  were  separated  to 
the  extent  of  nearly  half  an  inch.  A  long  cavity  was  thus  formed  lined 
with  granulating  tissue.  An  operation,  entailing  full  opening  of  this 
cavity  and  packing  it  with  gauze,  led  to  a  prompt  subsidence  of  the 
pyrexia,  and  to  progressive  healing,  with  no  apparent  probability  of  seques- 
trum formation. 

Sequestrum  Formation. — In  the  majority  of  septic  cases  there  is  some 
necrosis  of  the  tips  of  the  main  fragments  of  the  bone,  as  well  as  of  detached 
pieces.  A'  rays  (especially  stereoscopic  views)  exhibited  the  presence  and 
position  of  dead  bone  very  clearly  at  a  period  from  six  weeks  to  two  months 
after  the  injury. 

In  this  series  we  have  removed  sequestra  from  23  cases  at  an  average 
period    of  about    two   months    from   the   primary   injury.     It    is    true   that 
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secondary  operations  for  the  same  purpose  may  be  necessary,  but  by 
no  means  in  all  cases.  The  operation  is  more  easily  carried  out  at  this 
time,  before  a  massive  involucnmi  has  formed,  and  limits  the  amovuit 
of  reactive  inflammation.  Seven  weeks  was  the  earliest  date  after  injury 
at  which  complete  separation  of  sequestra  from  the  main  fragments  was 
noted. 

Technique  of  Operation. — A  jirophylactic  dose  of  antitctanic  serum  should 
always  be  given.  The  dead  fragments  arc  localized  as  accurately  as  possible 
by  means  of  .r  rays  and  the  ])robc.  The  structures  are  then  cleanly  divided 
down  to  the  bone,  and  the  sequestra  removed  with  forceps.  No  aimless 
curetting  is  performed,  as  this  is  liable  to  light  up  the  infective  process  and 
to  further  bone  necrosis.  The  cavity  left  after  removal  of  the  bone  fragments 
is  packed  with  dry  gauze  for  a  few  days. 

Some  pyrexia  and  local  oedema  were  observed  in  6  cases  after  operation, 
and  in  4  cases  a  sharp  attack  of  erysipelas  occurred.  Prophylactic  vaccina- 
tion against  streptococcal  infection  had  not  been  employed  in  any  of  these 
cases. 

Tetanus. — There  were  five  cases  in  this  series.  In  two  {Cases  9  and  97) 
the  symptoms  appeared  on  the  sixteenth  and  fourteenth  days  respectively, 
and  remained  localized  to  the  thigh  muscles.  Both  recovered.  In  the  other 
three  {Cases  ^2,  94,  and  110),  the  symptoms  were  general  from  the  commence- 
ment, and  the  results  fatal.  Symptoms  commenced  forty-four,  forty-five,  and 
fifty-four  days  after  injury  respectively.  In  the  last-mentioned  case  some 
local  spasm,  which  soon  passed  off,  was  noticed  six  days  after  primary  injury  ; 
in  the  second  general  attack  all  signs  of  tetanus  had  subsided  eight  days 
before  death,  which  was  due  to  streptococcal  septica-mia,  the  organism  being 
recovered  from  the  blood.  These  three  cases  all  received  antitetanic  serum 
shortly  after  they  were  wounded,  but  no  further  injections  before  the  onset 
of  symptoms.  It  is  now  customary  to  give  a  prophylactic  dose  of  serum 
every  fourteen  days  while  the  wounds  continue  to  discharge,  and  in  all  cases 
before  any  operation  or  manipulation  is  undertaken. 

Amputations. — In  four  cases  of  this  series  amputation  was  done.  In 
two  {Cases  20  and  26)  it  was  performed  for  secondary  haemorrhage  from  the 
main  vessel :  both  recovered.  In  Case  27  the  femur  was  broken  at  two  levels 
and  the  knee-joint  became  infected  :  recovery  took  place.  In  the  last  {Case 
24),  amputation  was  performed  on  the  thirteenth  day  for  spreading  gas 
gangrene,  with  a  fatal  result. 

Massage  and  Movement. — This  cannot  be  carried  out  in  a  thorough  way 
during  the  period  under  consideration.  The  desirability  of  leaving  the  foot 
free  has  been  mentioned  above.  Movement  at  the  knee-joint  can  only  be 
practised  in  cases  in  which  the  lower  fragment  has  been  transfixed  for  exten- 
sion purposes.  The  whole  limb  should  be  massaged  as  far  as  the  splintage 
permits  in  all  cases,  once  they  run  an  afebrile  course. 

Union. — We  have  not  been  able  to  observe  completed  iniion  in  many 
cases  of  this  series,  but  the  general  table  at  the  end  defines  the  condition,  as 
far  as  possible,  on  transfer.  Most  rapid  consolidation  was  observed  in  those 
cases  in  which  there  was  much  local  comminution  and  no  infection.  Several 
cases  in  which  there  was  considerable  loss  of  substance  showed  remarkable 
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bone  formation  within  two  or  three  months.  Case  8  is  a  good  example  of 
this  {Figs.  41  and  42).  The  most  evident  cause  mihtating  against  bone 
union  is  severe  infection  ;  mild  local  continued  infection  does  not  appear  to 
hinder  the  process  to  any  great  degree,  though  it  sometimes  leads  to  an  exces- 
sive inflammatory  deposit  of  weak  osseous  material. 

Ambulatory  Treatment. — ^Whenever  the  condition  and  position  of  the 
wounds  allow,  the  provision  of  some  apparatus  which  permits  the  patient  to 
get  about  is  of  inestimable  value.  The  morale  of  the  man  rapidly  improves, 
and  the  woiuid  healing  and  bone  union  progress  correspondingly. 


Fig.  41. — Fracture  in  the  middle  of  the 
femur  one  month  after  injury.  Good  position. 
The  length  was  normal.  Absence  of  half  to 
one  inch  of  compact  bone  is  shown. 


Fig.  42.  —  The  same  fracture  three 
months  after  injury.  Con.siderable  new- 
bone  formation  has  taken  place. 


We  have  employed  an  ambulatory  appliance^  in  13  cases  of  this  series. 
It  was  applied  on  an  average  about  two  months  after  the  primary  injury. 
In  simple  cases  the  apparatus  can  be  used  at  a  much  earlier  stage,  but  for 
infected  gunshot  cases  there  should  be  no  pyrexia,  and  sound  commencing 
union  should  be  present  before  it  is  applied. 

The  form  of  the  ambulatory  apparatus  is  shown  in  Figs.  43  and  44 ;  the 
technique   of  its   application   is   dealt   \Wth   elsewhere.^     It   consists   of  two 
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moulded  plaster-of-Paris  collars  which  arc  united  by  two  extension  screws, 
on  the  principle  of  ITackcnbn.ck's  Distraktions-Klanimcr.-^  The  apparatus 
leaves  the  knee-joint  free,  and  is  easily  applied  by  the  surgeon. 

SUMMARY. 

1.  The  Thomas  knee  s])lint  is  the  most  suitable  apparatus  available  for 
use  in  the  transport  of  cases  of  fracture  of  the  femur. 

2.  The  same  splint  can  give  excellent  results  as  regards  alinemcnt  and 
length  in  fractures  in  the  middle  third  of  the  femur. 


Figs.  43,  44. — Front  and  back  view«  of  ambulatmy  aiipliancc.  The  iwhial  saddle  and 
supracondylar  collar  are  made  with  plaster  of  Paris.  Tl»e  two  extension  screws  are  set  in 
perforated  zinc  arches. 

In  the  case  illustrated  the  apparatus  was  applied  two  months  after  injury. 

3.  Good  alinemcnt  cannot  be  attained  bj^  the  use  of  the  Thomas  splint 
in  the  case  of  fractures  occurring  in  the  lower  third  of  the  femur  ;  but  if  the 
splint  be  modified  by  bending  it  at  the  knee-joint  level  to  form  a  skeleton 
double  inclined  plane,  the  results  are  good. 

4.  Fractures  in  the  upper  third  of  the  femur  can  generally  be  well  treated 
in  a  Hodgen  splint. 
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5.  Adhesive  extension  attachments  are  satisfactory  for  most  cases,  and 
are  well  suited  to  the  conditions  of  active  service. 

6.  Transfixion  of  the  bone  is  useful  in  special  cases,  and  when  the 
procedure  is  carried  out  at  a  distance  from  an  infective  focus. 

7.  This  series  of  cases  demonstrates  the  importance  of  periodical  prophy- 
lactic injections  of  antitetanic  serum. 

In  conclusion,  we  wish  to  acknowledge  our  indebtedness  to  Captain  J.  N. 
Ferguson,  R.A.M.C,  for  the  patience  and  skill  he  has-  exjjended  in  taking  a 
large  nvnnber  of  .r-ray  photographs  and  in  the  preparation  of  the  figures 
published  with  this  paper. 


FATAL    CASES. 

The  folloAving  table  gives  the  cause  of  death,  which  took  place  in  10  cases 
of  the  series  of  125. 


Case 
No. 


Cavsr  of  Dkath 


IXJURT 


Days  between 

IXJtTRY    AXD 

Death 


24      Gas  gangrene 
29      SepticaDmia 
32      Tetanus 

38  Secondary'  hapmorrhage  from  ex- 

ternal circumflex  at  its  origin 

39  Secondary  haemorrhage  from  pro- 

funda femoris 

43  Gas  gangrene 
42  Gas  gangrene 
66      Peritonitis  and  pelvic  cellulitis 

94      Tetanus 

110  j  Septicaemia  (streptococcal)  foUow- 
i     ing  tetanus 


Fracture  in  lower  third,  injurj-  of  14 

knee-joint,  amputation 

Comminution  of  whole  upper  third  !  10 

of  femur  ! 

Fracture  at  junction  of  lower  and  I  45 

middle  third  ,    l_. 

Subtrochanteric  fracture  11 


Comminution  of  whole  of  upper'  11 

third  of  femur  ;    diarrhoea 

Fracture  of  both  femurs  4 

I 
Fracture  in  upper  third  of  femur  [  6 

Fracture  of  neck  of  femur  ;    gun-  12 

shot  wound  of  bladder 

I 
Fracture  in  middle  third  of  femur  53 

Fracture    at   junction    of    middle  78 

and  lower  third  of  femur 


[See  tabu  on  next  page. 
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This  Table  has  been  abstracted  from  the  original  notes,  now  filed  with  the  National   Hesearch   Coniuiil 

between  receipt  of  wound  and  commencement  of  observation  was  788  hours.     Under  the  heading    "  Sf 

Hodgen^s  splint  =  Standard  Hodgen  wire  splint  ;    T/<ow«*'s  splint   —   Thomas  Jviu(    >|i 


No. 

dats  under 
Obsertatiok 

POSmON  OP  FlUCTURE 

COMMDJUTION- 

Degree  op 
iNFEcno.v 

Spunt  Trkatsiext      1 

1 

28 

Lower  third 

6   in.,  coarse,   much   loss   of 
bone 

Severe 

"1 

Long  outside  for  transj 
Thomas's  splint 

2 

25 

In  upper  third 

5  in.,  coarse,  not  much  loss 

Medium 

Aluminium  splint 

3 

208 

Upper  and  middle  third 

3  in.,  coarse 

Medium 

As  above 

4 

34 

Middle 

Slight,  oblique  fracture 

Medium 

Thomas's  splint 

5 

39 

Lower  and  middle  third 

3  in.,  coarse,  mucli  bone  re- 
moved 

Severe 

Aluminium  s|)liii1  Ixnt  at! 

6 

51 

Middle 

Slight,  oblique  fracture 

Medium 

Thomas's  splint 

7 

187 

Lower  and  middle  third 

Slight,  oblique  fracture 

Medium 

Aluminium  splint  bent  at  j 

8 

51    - 

Middle 

6  in.,  coarse 

Clean 

I 

Thomas's    splint,   and    aq 

latory  splint  30th  day    ' 

9 

46 

Upper  third 

Slight,  oblique  fracture 

Severe, 

local 
tetanus 

Hodgen's  splint 

i 

10 

28 

Lower  and  middle  third 

3  in.,  coarse 

Clean 

Thomas's  splint                 -i 

11 

181 

Upper  and  middle  third 
(just  below) 

3  in.,  medium 

Severe 

Wallace's  splint                  j 

12 

52 

^liddle   and   lower  third 
(just  above) 

4  in.,  great,  medium 

Severe 

Thomas's  splint                  ^ 

13 

48 

Upper  and  middle  third 

2  in.,  coarse 

Severe 

Aluminium  splint 

14 

37 

Middle 

2  in.,  coarse,  little  displace- 
ment 

Medium 

Thomas's  and  anibula 
splints                     ^ 

15 

53 

Lower  and  middle  third 
(below) 

2  in.,  medium 

Severe 

Bent  Thomas's  splint 

16 

50 

Middle 

Slight,  oblique  fracture 

Medium 

Thomas's     splint                 • 

17 

90 

Sub-trochanteric 

2  in.,  coarse 

Severe 

Hodgen's  splint 

18 

21 

Lower  and  middle  third 

Very  slight,  '  flute  en  bee  ' 

Medium 

Thomas's  splint 

19 

5 

Lower  and  middle  third 

I^ocal,  slight 

Medium 

! 

Thomas's  splint                   :, 

20 

40 

Lower  and  middle  third 

Moderate 

Severe 

Thomas's  splint.  Amputate 
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r  in  which  the  cases  liave  been  entered   is  not   strictly  chronological.     The  average  period  elapsing 
it,"  the  splint  mentioned  is  that  which  was  finally  used  in  obtaining  and   maintaining   alinement. 
pattern ;     Aluminium    splint  =  Modified    Thomas    type    referred    to   in    the    text. 


Complication.-; 


lal 
ent 


poplittal  mrve  paralysis 
foot  drop 


ent    pyrexia    from    osteitis 
itermuscular  abscess  forma- 


«nt  pyrexia  from  osteitis  : 
tetanus 


>-venous  aneurj'sm  of  com- 
femoral 

:ent  temperature  and  oede- 
scondarj-  to  osteitis 

«nt  pjrrexia  due  to  osteitis 


iary  foot  drop 

ia  from  infected  bone  cavity 

lal  popliteal  paralysis 

etc  external  popliteal  para- 


iary  haemorrhage  from  fem- 
»rterv  22nd  dav 


Shortenixo 


Usios  ox 
Transfer 


Recovery 


1   in. 


Good 


Slight 


Recovery 

IJ  in. 

Good 

Slight 

Recovery 

i  in. 

Fair 

Firm 

Recoverj* 

J   in. 

Good 

Slight 

Recovery 

U  in. 

Fair 

None 

Recoven.' 

J  in. 

Good 

Fairly  firm  1 

Recoverj' 

i  in. 

Good 

Firm 

Recovery 

f  in. 

Good 

Firm 

Recovery 

i  in. 

Fair 

Firm 

Recoverj- 

iin. 

Good 

Slight 

Recoverj- 

li  in. 

Fair 

Firm 

Recover^' 

IJ  in. 

Fair 

Slight 

Recovery 

i  in. 

Good 

Slight 

Recovery 

i  in. 

Good 

Slight 

Recovery 

iin. 

Good 

Slight 

Recovery 

J  in. 

Good 

Fairly  firm 

Recover\- 

1  in. 

Poor 

Firm 

Recoverj- 

}  in. 

Fair 

Slight 

Recovery 

J  in. 

Good 

None 

Amputation  ; 

[          — 

— 

— 

recovery' 

Ambulator\'  treatment 


'  Concussion  '  fracture 

Femoral   arterj'  exposed   in 
wound  ;    much  bone  lost 


Local  tetanic  sjrmptoms  tast- 
ed 24  davs 


Aneurj'sm  decreased  in  size 
while  under  observation 

Tense  and  persistent  effusion 
into  knee-joint 

Considerable  loss  of  bone 


Large  explosive  wound,  fem- 
oral artery  exposed 


Large  explosive  exit  wound 
'  Concussion  '  fracture  ' 


Amputation    for    secondarj- 
haemorrhage 


Cmitinued  on  next  page. 
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XO. 

DATS  rxDKB 
OBSERVATIOK 

21. 

120 
(walking) 

22 

101 
(walking) 

23 

113 

(walking) 

24 

9 

25 

15 

26 

45 

27 

28 
29 
30 
31 
32 

33 


62 

45 

3 

64 


Position  op  Fiucturk. 


Upper  and  middle  third 

Upper  third 

Middle 

Lower  and  middle  third 

Upper  and  middle  third 
Snpracondylar 


Upper  and   lower  third 
(2  fractures) 


Junction    of   upper    and 
middle  third 

Trochanter  and  below 
Middle 


OOMMlKUnON 


Degree  of 
infection 


Splint  Treatmkm 


23         !  Upper  third  and  middle 
42  Lower  and  middle  third 


6 


Sub-trochanteric 


2  in.,  medium 


3  in.,  medium 


2    in.,    slisiht  ;     considerable 
loss  of  bone 

3  in.    extreme 


Slight,  spiral  fracture 

2  in.,  extensive  and  fine,  into 
joint 


Slight  at  botli  levels 


2  in.,  medium,  considerable 
loss  of  bone 

4  in.,  medium,  extensive 


2  in.,  slight,  coarse 
2  in.,  coarse,  moderate 
2  in.,  marked,  medium 

Slight 


Severe 

Severe 

Mild 
Severe,  gas 


Aluininiuin     and     ainbulal 
splints 

Thomas's    and    ani))u!utoi 
splints 

Thomas's    and    ambiiI;itoi 
splints 

Aluminium  splint 


Clean        I  Thomas's  splint 
Severe         Aluminium  splint 


Severe 


Severe 


Right,  Thomas's  sj)liiit  : 
aluminium    splint 


Aluminium  splint 

I 
Severe       !  TIkiiii.iss  splint 

Severe 


Thomas's  splint  ;    aniI)uW 
splint  on  .50th  day 


Severe,     |  Aluminium  splint 
anaerobic 

Severe  Thomas's   bent    si)liiil 


Severe         Thomas's  splint 


34 

34 

Lower  and  middle  third 

2  in.,  coarse,  medium 

Moderate 

35 

18 

Just  below  middle 

Slight 

Moderate 

36 

63 

Upper  and  middle  third 

3  in.,  coarse,  much 

Severe 

87 

20 

Above  middle 

Slight 

Moderate 

38 

10 

Middle 

3  in.,  slight,  coarse 

Slight 

30 

7 

Trochanter,  great 

Much,  fine 

Severe 

40 

8 

Middle   and   lower   third 

Slight,  coarse 

Clean 

41 

! 

50 

Sub  -trochanteric 

IJin.,   coarse,    fine,   medium 

Severe 

Thomas's  splint 
Thomas's  splint 
Thomas's  splint 

Thomas's  splint 
Thomas's  splint 
Thomas's  splint 

Thomas's  splint 
Aluminium  splint 
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COMPUCATIOXS 


?HORTE3aXG  AUXKMEST 


rxiOK  OS 

Transfer 


rsis    in    sciatic   distribution, 
ted  off  in  7th  week 

ling  gas  infection  ;  amputa- 
13th  dav 


eal  artery  exposed  :  second- 
hfemorrhage  25th  day ; 
Iction  of  knee-joint 

ion  of  right  knee-joint  (strep- 
weal) 


persistent 


Recovery 


Recovery- 


Recovery 


Amputation 
death 

Recovery 

Amputation  ; 
recovers 


Amputation 

above  right  knee 

55th  day 

Recovery 


1  in.  Fair 


I  in.  Good 


J  in.  Perfect 


i  in.  Good 


1  in. 


Fairly  firm  Ont  sequestrectomy ;  wound 
completely  healed  on  trans- 
fer 

Firm  Two  sequestrectomies  : 

i     wound    nearly    healed    on 
I     transfer 

Firm  One  sequestrectomy,  wound 

healed  on  transfer 

—  1  Death    from,  toxaemia    14th 

1   <iay 

None        ;  '  Concussion  '  fracture 

I 

—  '  Amputation  for  secondar\- 
i  ha-morrhage ;  knee-joint 
!  infected 

—  '  Amputation  for  infection 


Good  Slight  Explosive  tj^ie  exit  wound 


9l   toxsemia    from    gas    and 
tococcal  infection 

lete       jicrsistent       external   | 
teal  paralysis 

ada      femoris      exposed      in 
>d 

us  on  44th  dav 


iar>'  haemorrhage  from  ex- 
I  circumflex  near  origin,  9th 


liary  haemorrhage  from  ex- 
il  circumflex,    31st    day 


ttoma  about  profunda  femo- 

secondarj-  haemorrhage  11th 

diarrhoea,  general  toxaemia 


ueain 

xjeain   oii    oiu    uay 

Recovery 

1  in. 

Good 

Fairly  firm 

— 

Recovery 

1  in. 

Good 

Slight 

German 

Death 

Jin. 

— 

Died  in  a  spasm  15  hours 
after  onset  of  tetanic 
symptoms 

Death 

— 

— 

— 

Died  10  hours  after  opera- 
tion for  bleeding  ;  anaemia 
and  toxaemia 

Recoven,- 

None 

Perfect 

Slight 

— 

Recoverj^ 

None 

Good 

Slight 

— 

Recovery 

Hn. 

Fair 

Fairly  firm 

Vessel  tied  in  wound 

Recovery 

None 

Perfect 

Slight 

— 

Recovery 

None 

Perfect 

Slight 

— 

Death 

— 

— 

— 

Death  5  hours  after  liga- 
ture of  vessel 

Recovery 

None 

Good 

None 

Recovery 

liin. 

Fair 

Slight 

Coutimud  on  next  page. 


92  THE    BRITISH    JOURNAL    OF    SURGERY 

TABLE  OF  125  CASES  OF  GUNSH< 


No. 

DATS  vmacR 

OBSKRTA-nOK 

POSmOK  OF  FIUCTORK. 

Connn\tmoN- 

Dborkk  op 
Infection- 

Spunt  treatment 

42 

1 

Right,  middle ;  left,  lower 
and  middle  third 

Right   and    left,   moderate 

Severe, 
local    gas 

Right     Liston      splint  :       1 
Thomas's  s])liiit 

48 

2 

Sub-trochanteric 

Moderate 

Severe,  gas 

gangrene 

later 

Thomas's  lar^c  rinff  si)lint 

44 

93 

Middle  and  lower  third 

2  in.,  much,  coarse 

Severe 

Thomas's  bent  splint 

45 

15 

Sub-troehanteric 

Slight 

Clean 

Thomas's  large  ring  splini 

46 

64 

Middle 

Slight 

Severe 

Thomas's  splint 

47 

26 

Ixjwer  and  middle  third 

4  in.,  gross,  extensive 

Clean 

Thomas's  splint 

48 

11 

Middle 

Slight 

Clean 

Thomas's  splint 

49 

37 

Middle 

Slight 

Severe 

Thomas's  splint 

50 

33 

Upper  and  middle  third 

Slight,  local 

Severe 

Thomas's  splint 

51 

28 

Above  middle 

Slight,  local 

Clean 

Thomas's  splint 

52 

22 

Sub-trochanteric 

2  in.,  coarse 

Severe 

Thomas's  splint 

53 

68 

Sub-trpchanteric 

Slight 

Severe 

Hodgen's  splint 

54 

9 

Middle 

Moderate 

Mild 

Thomas's  splint                 ; 

56 

64 

Ix)wer  third 

Slight 

Severe 

Thomas's  bent  splint 

57 

50 

Lower  third 

4  in.,  coarse  and  fine  :    much 
bone  lost 

Severe 

Thomases  bent  splint 

58 

64 

Sub-troeluinteric 

Moderate 

Severe 

Hodgen's  splint                j 

59 

8 

Supracondylar     perfora- 
tion 

Perforation,        Avith       slight 
fragmentation 

Clean 

Thomas's  splint                 - 

60 

71 

Middle   and   lower  third 

1  in.,  fine,  and  some  large 

Severe 

Thomas's  splint 

61 

58 

Lower  third 

3  in.,,  severe,  some  large 

Severe 

Thomas's  bent  splint 

62 

62 

Sub-trochanteric,     much 
of  shaft  below 

4  in.,  very  marked,  fine  and 
large 

Severe 

Thomas's  splint            ^H 

63 

'           58 

Below  middle 

5  in.,  coarse 

Severe 

\  Thomas's  splint           .^H 

64 

41 

Below  middle 

8    in.,   moderate,   much    lost 

Moderate 

;  Thomas's  splint           j^H 

65 

21 

'  Lower      third,      oblique 
fracture 

Very  little,  fine 

Mild 

Thomas's  splint          ^^| 

66 

8 

Upper     third,      sub-tro- 
chanteric 

2  in.,  moderate 

Severe 

Hodgen's  splint       '    ^^M 
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COMMJCATIOSS 


ingrene,  right  leg  ;    general 
tnia 

angrene  ;    general  toxaemia 


:nt    temperature :      osteo- 
ttis 


tent  temperature  ;    osteitis 


■a!  artery  exposed  in  wound 


;nt  foot-drop 


»1  artery  exposed  in  wound 

tent     temperature     due     to 
tis 

tent  pyrexia 


teal  artery-  cut  laterally 
stent  pyrexia  from  osteitis 


itent  pyrexia  due  to  osteo- 
litis 


ral  artery  exposed  in  wound 
'ral  arterj'  exposed  in  wound 


>d  of  bladder  ;   urinary  fistula 


.Shortexixg        auxemext 


Uxiox  ox 
Transfer 


Death 
Death 

Recovery 

Recovery 
Recover>' 

Recovery 
Recover>' 
Recovery 
Recovery 
Recovery 
Recovery 
Recover>- 

Recovery 
Recovery- 
Recovery 

Recovery 

Recover\- 

Recovery- 

Recovery 

Recovery 

Recovery' 
Recovery 
Recovery 

Death 


Jin. 

None 
i  in. 
i  in. 
I  in. 
None 
I  in. 
i  in. 

None 

1  in. 

1  in.,  much 
bone   lost 

I   in. 


Fair 

Good 
Gootl 

Good 
Good 
Fair 
Good 
Perfect 
Fair 
Good 


Firm 

None 
Fairly  firm 

Slight 
None 
Slight 
Slight 
Slight 
Slight 
Fair 


Died  1  day  after  admission 
Died  2  days  after  admission 


Temperature     settled     after 
sequestrectomj- 


Temperature     settled     after 
sequestrectomy 


Perfect  None 

Gowl  Firm 

Good  Slight 


Foot-drop  secondary  to  sling 
pressure 


Large  explosive  exit  wound 


Good          Fairly  firm  Pyrexia    probably    due    to 

j .                      j  bone  infection  ;  sequestrec- 

i                        j  tomy 

Perfect        Incomplete  Popliteal  arten,-  and  vein  tied 

fracture  on  5th  day  ;  uncomplicated 


1   in. 

Fair 

Firm 

Temperature     settled     after 
sequestrectomy 

i  in. 

Good 

Fair 

As  above 

^  in. 

Fair 

Fairly  firm 

— 

1  in. 

Good 

Slight 

Considerable  loss  of  bone 

i  in. 

Good 

None 

— 

None 

Fair 

Slight 

— 

Death  due  to  toxaemia 
secondarj'  to  peritonitis 
and  pelvic  cellulitis 


Cotitiiiutd  oil  next  page. 
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XO. 

DATS  UNDER 

Obskrvation 

Posmox  or  practuke 

COSTMlMrriON 

Degree  op 
infectiox 

Splint  ireatmkm 

67 

29 

Lower  third 

Moderate,  local 

Mild 

Aluminium  splint 

68 

32 

Sub-trochanteric 

3  in.,  moderate 

Moderate 

Thomas's  splint 

69 

38 

Upper  third 

Slight,  local 

Moderate 

'I'lionias's  splint 

70 

58 

Lower  and  middle  third 

3  in.,  coarse 

Severe 

Aluminium  bent  splint   ^ 

71 

45 

Sub-trochanteric 

2  in.,  coarse 

Severe 

Thomas's  bent  splint 

72 

30 

Sub-trochanteric 

2   in.,   fine,   and   some   large 

Severe 

j 
Hodgcn's  splint 

73 

82 

Upper  third 

3  in.,  coarse 

Severe 

Thomas's  splint 

74 

35 

Lower  third 

Slight,  '  flute  en  bee  ' 

Mild 

Thomas's  bent  splint 

75 

36 

Supracondylar 

Slight,  impacted 

Severe 

Thomas's  splint 

76 

35 

Middle 

None,  3  in.  oblique  fracture 

Mild 

Tliomas's  splint 

77 

34 

Right,  lower  third  :   left, 
lower  third 

2  to  3  in.,  coarse,  both  sides 

Both  clean 

Aluminium  splint 

78 

74 

Sub-trochanteric 

Whole  upper  third,  fine  and 
coarse,  exceptional 

Severe 

i  Hodgcn's  splint 

79 

26 

Lower  third 

None,  4  in.,  oblique 

Mild 

i  Thomas's  splint 

80 

36 

Supracondylar,    an    inch 
al)Ove 

1|  in.,  coarse 

Mild 

Thomas's  bent  splint 

81 

50 

Middle  third 

Slight,  local 

Mild 

Hodgcn's  splint 

82 

80 

Supracondylar 

None  (impact  fractures  ?) 

Severe 

Thomas's  bent  splint 

83 

73 

Sub-trochanteric 

3  in,  large 

Severe 

Thomas's  large  ring  splin 

84 

56 

Lower  third 

Slight,  local 

Mild 

Thomas's  bent  splint 

85 

68 

Supracondylar 

1  in.,  slight 

Mild 

Thomas's  bent  splint 

86 

64 

Lower  and  middle  third 

None,  oblique  fracture 

Severe 

Thomas's  splint 

87 

48 

Sub-trochanteric 

4  in.,  much,  large 

Moderate 

Thomas's   splint 

88 

62 

Middle 

4  in.,  much,  large 

Moderate 

Thomas's  splint 

89 

63 

Lower  third 

4  in.,  much,  large 

Severe 

Thomas's  bent  splint 

90 

77 

Lower  third 

4  in.,  slight,  large 

Moderate 

Thomas's  bent  splint 
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COMPUCATIOSS 


A-enoiis        aneurysm       of 
ion  femoral 


Resilt 


SHORTEXIXG  -UJXESIEXT 


TXlOX  OS 

Traxsfer 


tation   of  left   arm   for  gas 


■ene 


ysii 


trunk    exposed:      partial 
is  in  its  distribution 


ot  fracture  patella  and  infec- 
"  knee  on  same  side 


of 


nerve  and  popliteal  artery 
ied,  no  foot -drop 


liop     secondan.'     to     slir 
ure 


Jary  htemorrhage  from  per- 
ing  branch  of  profunda  8th 


pwy  haemorrhage  from  small 
i  15th  dav 


lete  paralysis  in  distribution 
sternal  popliteal   nerve 


tent  pyrexia  due  to  recurrent 
vss  formation 


Recovery 
Recoverv 


il  artenk-  exposed  in  missile  Recover\' 


Recovery 
Recovery- 
Recovery 
Recovery- 
Recovery 
Recovery 

Recovery 
Recovery 

Recovery 

Recovery- 
Recovery 

Rccoven*- 

Recoverj- 
Recovery 

Recovery 
Recovery 
Recoven.- 

Recover>- 
Recover\- 
Recover\- 

Recoverv 


Xone 
Xt)ne 

i  in. 

1  in. 
Xone 


Good 
Good 

Good 

Good 
Perfect 


Slight 
Slight 

Fairly  firm 

Slight 
Fair 


Tj-pical  bruit  over  aneurj-sm, 
which  diminished  in  size 
during  period  of  obser^•ation 


2  in. 

Bad 

Xone 

2  in. 

Good 

Firm 

A  in. 

Perfect 

Slight 

Xone 

Perfect 

Slight 

i  in. 

Good 

Xone 

Xone 

Fair  on 
both  sides 

Fairly  firm 

i  in. 

Good 

Slight 

J  in. 

Perfect 

Fair 

Xone 

Perfect 

Fairlv  firm 

Irreducible   flexion   and   ab- 
duction of  upper  fragment 

Extension      impossible      on 
account   of  knee   infection 

'  Concussion  '  fracture 

Impacted  fracture 


Foot-drop  passed  off  in  five 
weeks 

■  Concussion  '  fracture 

Fairly  firm     Fracture      impacted      after 
manipulation 


Xone 

Perfect 

Slight 

Vessel    tied     in   woimd,   no 
recurrence 

i  in. 

Good 

Fairly  firm 

•  Concussion  '  fracture 

1  in. 

Fair 

Firm 

Wound  packed  for  bleeding  ; 
no  recurrence 

Xone 

Good 

Firm 

— 

Xone 

Good 

Firm 

— 

i  in. 

Good 

Firm 

'  Concussion '  fracture 

Xone 

Fair 

Fairly  firm 

— 

Xone 

Perfect 

Firm 

— 

Xone 

Good 

Fairly  firm 

Three    operations    for    local 

abscess 


Good 


Firm 


Contmued  on  next  paje. 
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No. 

DATS  IIJII)EK 
OBSKRVATIO.V 

Posmox  OF  Fractdre. 

OOMMTNtlTION 

Degree  op 
Infection 

Splint  'l"i;i'vrMrM 

01 

60 

Lower  third    and  middle 

2  in.,  slight,  large 

Severe 

■■  ■—    - ■  ■  ■— ^ 

Thomas's  splint 

02 

63 

Middle 

3  in.,  coarse,  moderate 

Severe 

Thomas's  splint 

93 

68 

Middle 

3  in.,  coarse,  slight 

Severe 

Thomas's  splint 

94 

53 

Upper  third 

4  in.,  much 

Severe, 
tetanus 

Hodgcn's  splint 

95 

52 

Sub-trochanteric 

3  in.,  coarse 

Severe 

Hodgen's  splint 

9G 

100 

Lower  third 

3  in.,  much,  coarse 

Severe 

Thomas's  bent  splint 

97 

34 

'Middle 

4  in.,  coarse 

Moderate 

Thomas's  splint              ) 

98 

51 

Upper  third 

3  in.,  coarse 

Moderate 

Hodgen's  splint 

99 

39 

Middle 

None,  oblique    fracture 

Moderate 

Thomas's  sjilint             y 

100 

28 

Lower    third,   oblique 

None 

Moderate 

Thomas's  splint 

101 

65 

Lower  third  (practically 
supracondylar) 

3  in.,  coarse 

Severe 

Thomas's  bent  splint 

102 

60 

Lower    third    to    middle 

3  in.,  moderate 

Severe 

Thomas's  splint 

103 

31 

Lower  third  (practically 
supracondylar) 

2  in.,  coarse,  slight 

Moderate 

Thomas's  bent  splint 

104 

74 

Sub-trochanteric 

2  in.,  moderate 

Severe 

Hodgen's  splint 

105 

60 

Upper  third  and  middle 

2  in.,  moderate 

Moderate 

Thomas's  splint              ■ 

106 

84 

Middle 

4  in.,  coarse  and  fine 

Moderate 

Thomas's  bent  splint 

107 

114 

Supracondylar 

2  in.,  much,  medium 

Mild 

Thomas's  flexed  and  iim 
tory  splints 

108 

68 

Sub-trochanteric 

3  in.,  medium 

Severe 

Hodgen's  splint 

109 

85 

Middle 

1  in.,  slight 

Severe 

Thomas's  bent  and  ambu 
splints 

110 

77 

Lower  third,  2  in.  above 
condyles 

2  in.,  moderate 

Severe , 
tetanus 

Thomas's  bent  splint 

111 

90 

Lower  third 

Slight,  local 

Severe 

Thomas's  bent  splint 
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(().MI'l.irATIOK« 


|dar\'  haemorrhage  from  small 
ei  l'2th  day 

|ral  arterj'  exposed  in  wound  : 
stent  pyrexia  due  to  osteitis 

;nt   pyrexia  due   to   inter- 
ilar  abscess  formation 

us  on  44th  dav 


itent  pyrexia  from  subacute 
is  and  intermuscular  ahs- 
formation 


lit 


lete  division  of  sciatic  ner\-e 
tetanus  14th  to  21st  days 


tent  pyrexia  due  to  osteitis 


tent  pyrexia  from  osteitis 


lete  foot-drop  (primary),  re- 
red  in  4  weeks 

joint  perforated 


dary  haemorrhage  14th  day 
external  circumflex 


dary  haemorrhage  10th  day 
small  vessel 

c   paralysis ;     tetanus    54th 
c     streptococcal    septicaemia 


dary  haemorrhage  from  popli- 
artery  51st  day 


Recovery 

Recovery 

Recovery 

Death 


Recovery 
Recovery 

Recovery 
Death 

Recovery 


SHORTEXIXG     !      ALIXFJ4EXT 


UNIOX  OX 

Transfer 


Bemarks 


None 


None 


Good        ;  Fairly  firm     Wound  packed  for  bleeding  ; 
i     no  recurrence 


Good  Fairly  firm 

I 
Good  Fairly  firm 


Death     from    exhaustion    9 
days  after  onset  of  tetanus 


Recoverj- 

Xonc 

Good 

Fairly  firm 

Recover}' 

\  in. 

Good 

Firm 

Recovery 

None 

Good 

! 

Slight 

Recoverj- 

None 

Good 

Fairly  firm  : 

Recover>' 

None 

Perfect 

Firm 

Recovery 

Xonc 

Good 

Fairly  firm  ! 

Recover>' 

None 

Good 

Slight 

Recovery 

\  in. 

Fair 

Fairly  firm 

Recovery- 

J  in. 

Good 

Slight       1 

Recovery 

h  '"• 

Good 

Firm 

Recovery 

None 

Good 

Firm 

Recoverv 

J  in. 

Good 

Firm        i 

No  recoverv*  in  sciatic  nerve 
while  under  observation 


Concussion  '  fracture 


None 
i  in. 

None 


Perfect 


Fair 


Firm 


Fair 


Temperature     settled     after 
sequestrectomy 

Transfixion  extension 


Impaction  of  fragments  after 
manipulation 

Haemorrhage  controlled  by 
:  clamp  after  failure  of  pack  : 
I     no  recurrence 


Perfect        Fairly  firm     Bleeding  controlled  by  pack  ; 
no  recurrence 

— -  —  Death    from    septicaemia    9 

j  days     after    tetanic     sym- 

1  I     ptoms  had  subsided 

I  ' 

Good  I  Fairly  firm  Popliteal  artery  and  vein 
I  tied  for  bleeding  ;  uncom- 
I     plicated  ;  no  recurrence 


VOL.    V. — NO.    17. 


Ctrntinuei  oit  tiext  pa<je 
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I   Days  ixnKn 
Xo.  I  Obseuvation 


Position  of  FnAcrniE. 


112     160     Upper  third  and  middle 


113     100 


114  :    101 


115     120 


116 

89 

117 

90 

118 

110 

119 

100 

120 

121 

122 

12:i 
124 

125 


100 


110 


90 


90 


45 


COMMINUTION 


Slight,  local 


Begrek  of 
Infection 


Spunt  TBEATMI.N  I 


Severe       i  Hodgen's  splint 


Middle 

3  in.,  coarse 

Severe 

Lesser     trochanter      de- 
tached 

2  in.,  coarse 

Severe 

Sub-trochanteric 

Local 

Moderate 

Siib-troehanteric 

3  in.,  coarse 

Severe 

Siib-trochanteri  c 

3  in.,  moderate 

Severe 

Siib-trochanterie 

4  in.,  coarse,  much 

Severe 

Lower  third  and  middle 

2  in.,  coarse 

Moderate 

Lower  third ;  'concussion' 
fracture 

Local,  slight 

Mild 

Upper  third  and  middle 

Local,  slight 

Severe 

Sub-trochanteric 

Local,  slight 

Severe 

Lower  third 

Local,  slight 

Mild 

Sub-trochanteric 

1  in.,  medium 

Severe 

Middle 

1  in.,  fine 

Mild 

Thomas's  splint 

Hodgen's  splint 

Suspension  at  a  ri<,'lit  an] 

Hodgen's  sj)!iiit 
Hodgen's  splint 

Hodgen's  splint 
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SOME    SPLINTS    FOR    THE    TREATMENT    OF    GUNSHOT 
FRACTURES    OF    THE    LONG    BONES. 

By   J.   HOGARTH   PRIXGLE,   Glasgow. 

If  any  one  opinion  can  be  formed  regarding  the  treatment  of  fractures  of  the 
long  bones  caused  by  gunshot  injury  during  the  course  of  the  war,  it  is  that 
surgeons  have  found  the  methods  usually  employed  in  civilian  practice  not 
satisfactory,  and  especially  would  this  appear  to  have  been  the  case  in 
dealing  with  fractures  of  the  single  bones — the  humerus  and  femur.  Almost 
constantly  comminiited,  with  extensive  lacerations  of  the  surrounding 
muscles,  a  large  number  of  them  septic  in  the  highest  degree,  it  is  essential 
that  any  method  of  treatment,  to  be  efficient,  should  afford  effective  support  ; 
and,  by  whatever  means  this  is  provided,  there  must  also  be  free  access  to 
the  wound,  which  requires  continual  dressing,  whether  that  be  by  irrigation 
or  by  the  application  of  absorbent  materials. 

SPLINTS     FOR     THE     LOWER     EXTREMITY. 

For  the  treatment  of  fractures  of  the  femur  caused  by  gunshot  injury, 
the  Thomas  knee  splint  has  been  extensively  advocated,  and,  I  believe,  made 
use  of.  I  readily  admit  that  this  splint  is  a  very  excellent  appliance  in  the 
condition  which  it  was  originally  designed  to  treat — namely,  chronic  disease 
of  the  knee-joint,  the  rather  special  feature  of  which  is  that  re-application  of 
the  dressing,  as  well  as  of  the  splint  itself,  is  only  required  at  long  intervals. 
As  far  as  my  experience  enables  me  to  form  any  opinion  on  the  subject  of 
septic  gunshot  fractures  of  the  femur,  the  Thomas  knee  splint  seems  imsuited 
for  anything  more  than  the  most  temporary  treatment  of  these  injuries. 
I  think  all  the  cases  of  this  nature  that  have  come  under  my  care  have  been 
sent  me  with  a  Thomas  knee  splint  applied  as  the  means  of  fixation  of  the 
fracture  ;  I  will  only  say  that  it  has  been  altogether  unsatisfactory,  and  that 
my  endeavour  has  always  been  to  get  rid  of  it  at  the  earliest  opportunity. 

The  form  of  splint  I  have  employed  for  my  cases  of  septic  gunshot 
fractures  of  the  lower  limb  is  one  I  have  used  in  treating  some  of  the  open 
septic  fractures  that  are  met  with  in  civilian  hospital  practice,  and  with  which 
I  have  to  deal  so  frequently  at  the  Glasgow  Royal  Infirmary.  There  I  often 
have  to  treat  cases  which  it  is  impossible  to  make  aseptic,  but  I  nevertheless 
fix  them  by  some  means,  plating  or  wiring  (as  described  in  my  paper, 
"  Analysis  of  230  Cases  of  Open  Fracture  treated  by  Operative  Methods," 
Brit.  Jour,  of  Svrg.,  ii,  102),  leave  the  wound  or  wounds  open,  and  dress  them 
regularly  and  often  ;  I  remove  the  plate  when  consolidation  of  the  tissues 
around  is  sufficient  to  hold  the  fragments  of  bone  in  position.  Fig.  45  shows 
a  window  cut  in  a   splint   of  this  kind  to  allow  access  to  the  wound  in  a 
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case  of  open  fracture  of  the  femur  that  was  treated  on  these  lines.  The 
patient  in  question  wore  this  spHnt  for  seven  weeks  consecutively.  The  dress- 
ings were  carried  out  with  ease,  and  without  any  disturbance  of  the  patient 
or  his  fractured  bone,  and  solid  union  was  obtained,  with  a  useful  limb. 

My  first  experience  of  a  septic  gunshot  fracture  of  the  femur  occurred 
in  May,  1915,  when  a  man  was  sent  on  to  the  Glasgow  Royal  Infirmary  from 
France,  where  his  left  lower  limb  had  been  amputated  through  the  upper 
third  of  the  thigh,  and  he  had  also  a  highly  septic  comminuted  fracture  of 
the  right  femur  just  below  the  trochanters.  The  state  of  this  thigh  and  the 
general  condition  of  the  patient  were  so  bad.  that  I  have  no  doubt,  had  the  left 
limb  not  already  been  removed,  I  would  have  amputated  the  right  one.  I 
applied  one  of  the  splints  described,  modified  in  that  it  had  a  ring  attached 
at  its  upper  end  in  order  to  gi\ c  n  sttadying  effect  and  also  to  enable  counter- 
extension  to  be  applied.  It  acted  most  satisfactorily  :  no  sagging  of  the 
ends  of  the  bone  fragments  took  jjlaee  at  the  site  of  fracture  ;  and  the  daily 
dressings,   applied  through  the   windows  cut   in  the  splint — which,  imtil   its 


Fig.  45. — Open  fracture  of  the  femur  which  has  been  plated  and  the  wound  left  unclosed. 
The  limb  is  in  a  wire  splint  with  a  window  for  dressing.  Light  elastic  extension  is  applied  to 
steady  the  limb  in  the  splint. 


application,  had  been  a  most  trying  ordeal — became  at  once  easy  for  the 
patient  as  well  as  for  the  dresser,  and  firm  union  of  the  bone  was  ultimately 
obtained. 

The  splints  have  done  so  well  in  all  the  eases  of  gimshot  fractures  of  the 
limbs  which  have  come  under  my  care,  that  I  hope  a  description  of  them 
may  be  of  use  to  others  who  have  to  deal  with  similar  cases. 

I  use  two  types  of  splint,  one  for  the  lower  and  the  other  for  the  upper 
extremity.  The  foundation  of  both  is  a  skeleton  of  wire,  made  to  measure 
for  the  individual  patient.  The  splints  for  the  lower  limb  are  made  in  the 
form  of  a  simple  long  trough.  The  body  of  the  splint  is  made  by  covering  the 
wire  skeleton  with  lint  or  flannel  (the  former  is  cheaper,  but  a  well-covered 
flannel  splint  is  extremely  strong),  which  is  then  impregnated  with  a  mixture 
of  resin  and  paraffin  wax.  When  this  mixture  sets,  as  it  does  quickly,  the 
body  is  rendered  practically  as  hard  as  wood  ;  but  it  can  still  be  cut  easily 
with  a  warmed  knife,  to  make  one  or  more  windows  opposite  any  wounds 
which  require  to  be  dressed.  A  window  may  also  be  fashioned  during  the 
making  of  the  skeleton  splint  {Fig.  46  A),  and  this  is  a  decided  advantage  if 
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a  large  window  should  be  required,  particularly  at  the  back  of  the  lower  limb, 
because  the  strength  of  the  splint  is  not  then  interfered  with.  The  resin 
mixtiire  is  not  absorbent,  and  will  hold  out  for  weeks  on  end. 

The  idea  of  employing  paraffin  wax  and  lint  I  borrowed  from  Sir  William 
Macewen,  who  used  for  his  excisions  of  the  knee-joint  a  splint  made  of  wire 
modelled  for  this  special  purpose,  so  that  when  covered  with  lint  impregnated 
with  ordinary  paraffin  wax,  it  constituted  two  gutters,  one  for  the  thigh  and 
one  for  the  leg.  I  have  used  this  splint  for  almost  every  excision  of  the  knee- 
joint  that  I  have  done,  and,  in  my  opinion,  there  is  nothing  better  for  the 
purpose.  But  it  is  not  suited  for  the  treatment  of  septic  fractures.  Lint 
impregnated  with  paraffin  wax  only,  while  admirably  suited  for  aseptic  cases, 
does  not  stand  up  to  the  constant  contact  with  the  warm  and  copious  dis- 
charges that  come  from  the  thoroughly  septic  fractures  resulting  from  gunshot 


Fig.   46. — A.   Skeleton  splint  with  a  large  window  for  wound  at  the   back  of  the   limb. 
B.    Telescoping  angled  splint.     The  thigh  piece  can  be  varied  in  length  3  inches. 


injuries  in  this  war.  At  present,  after  many  trials  to  obtain  a  hard  compo- 
sition for  stiffening  the  lint  or  flannel,  I  am  using  a  mixture  of  resin  3  parts, 
hard  paraffin  wax  1  part,  and  precipitated  chalk  J  part,  by  weight.  This 
mixture  is  taken  up  by  the  lint  mtich  better  than  is  paraffin  wax  alone  ;  it 
is  much  harder  when  it  sets  ;  it  resists  the  warmth  of  the  body  and  of  the 
discharges  from  the  wound  much  better  than  does  the  paraffin  ;  and  it  is 
still  quite  easy  to  cut  windows  in  it. 

Many  of  the  splints  have  been  made  by  Messrs.  Rowat  &  Co.,  Ltd.,  Wire 
W^orkers,  Watson  Street,  Glasgow,  to  whom  I  am  much  indebted  for  their 
help  and  courtesy.  All  the  splints,  whether  for  the  upper  or  lower  extremity, 
which  they  have  made  for  me,  have  fulfilled  the  objects  I  had  in  view  to  my 
complete  satisfaction  ;  and  in  this  respect  I  am  very  fortunately  placed,  as 
I  can  have  splints  made  to  my  own  meiasurements  and  special  instructions 
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regarding  any  modifications  that  may  be  required  for  a  given  patient,  with 
comparatively  httle  delay.  The  splints  which  Messrs.  RoAvat  &  Co,  construct 
for  me  are  made  of  tinned  iron  wire  (Xo.  6  B.W.G.),  and  I  have  no  doubt  that 
for  general  puriK)ses  this  material  is  strong  enough  for  any  limb.  It  is,  how- 
ever, a  matter  of  the  first  importance  that  the  splint  shall  fit  the  patient  who 
is  to  use  it,  and  it  is  a  great  advantage  if  any  special  feature  in  a  case 
of  fracture  can  be  met  in  the  process  of  making  the  skeleton  splint.  The 
tinned  iron  wire  is,  however,  so  rigid  that  it  can  only  be  worked,  with 
reasonable  expedition,  by  a  practical  worker ;  and  as  a  substitute  that 
could  be  worked  by  an  amateur.  I  tried  ahmiinium  wire,  and  found  that  this 
material  (Xo.  2  and  Xo.  3  B.W.G.)  could  easily  be  turned  up  to  make  a  splint 
that  could  be  readily  adapted  to  any  wounds  that  might  be  present.  Windows, 
where  they  are  found  necessary,  can  be  fashioned  during  the  making  of  the 
skeleton,  so  that  the  strength  of  the  splint  will  not  be  affected.  It  is  particu- 
larly at  the  back  of  the  lower  limb  that  a  window  may  be  required,  and 


Fig.   47. — Skeleton  ^splint  with  additional  wires  spliced  to  the  side-bars, 
permitting  windows  to  be  cut  in  the  latter. 

this  is  easily  made  by  shaping  the  back-bone,  which  is  always  necessary  in 
splints  for  the  lower  limb,  accordingly  (see  Fig.  46  A).  Splints  for  the  lower 
limb  made  of  Xo.  2  or  Xo.  3  gauge  aluminiimi  wire  are  sufficiently  strong  to 
support  a  limb  of  any  weight  ;  but  to  obtain  the  necessary  rigidity,  they 
require  cross-pieces,  which  are  made  of  aluminium  ribbon  half  an  inch  Avide 
and  one-sixteenth  of  an  inch  thick,  to  hold  the  side  bars  and  the  back-bone 
together. 

The  disadvantage  of  aluminiimi  is  that  one  cannot  solder  it,  so  that  the 
main  part  of  the  splint  must  be  made  out  of  one  length  of  ydre,  and  secondary 
pieces,  like  the  back-bone,  must  be  bound  to  the  main  frame  ;  but  the 
resulting  splint  is  ver^k'  light  and  strong,  and  the  aluminium  is  so  pliable  that 
even  when  the  splint  is  made  up,  it  can  often  be  manipulated  to  make  slight 
alterations  in  its  shape,  which  is  impossible  in  the  case  of  spUnts  made  of  the 
iron  wire,  owing  to  its  rigidity. 

Unfortunately,  it  is  not  possible  to  obtain  aluminium  wire  at  the  present 
time,  owing  to  Government  regulations,  and  Messrs.  Rowat  &  Co.  suggested 
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to  me  the  use  of  fjalvanized  iron  wire.  This  material,  even  of  No.  6  B.AV.(i., 
is  both  heavier  and  more  rigid  than  ahmiiniiun  wire  No.  2,  but  it  is  nnich 
more  easily  worked  than  is  No.  6  in  the  tinned  iron  wire.  Like  aluminium, 
it  cannot  be  soldered,  and  the  main  frame,  therefore,  requires  to  be  made 
of  one  piece  of  wire,  and  cross-bars  are  also  necessary  ;  but  for  a  considerable; 
time  past,  all  the  splints  that  I  have  made  myself,  both  for  the  loAver  and 
upper  limbs,  have  been  made  of  this  material,  and  it  has  proved  thoroughly 
satisfactory,  though  more  difficult  to  work. 

The  figures  show  how  the  splints  may  be  used  in  various  cases. 

Fig.  47  illustrates  a  method  allowing  large  side  windows  to  be  made 
by  splicing  additional  wires  to  the  original  side-bars  of  the  splint,  in  eases 
where  the  latter  might  require  to  be  cut  in  order  to  ))ermit  access  to  a  wound. 
This  was  done  in  the  case  shown  in  7'/^'.  ts.  an  instance  of  an  extremely  severe, 
open,  and  highly  septic  fracture  of  tiie  lower  end  ol"  a   femur  that  occurred 


Fig.  48. — Splint  of  the  type  shown  in  Fig.  47,  applied  in  an  open  septic  fracture  of  the  lower 

end  of  the  femur. 


in  civilian  practice,  in  which  a  wound  down  to  the  bone  was  produced  on 
each  side  of  the  thigh  at  the  time  of  the  original  injury.  These  were  excised 
freely,  and  through  a  new  incision  at  the  postero-lateral  aspect  of  the  thigh 
the  fragments  were  plated  ;  all  the  wounds  were  left  open,  and  the  necessary 
dressings  applied  through  the  windows. 

Fig.  46  A  shows  a  splint  made  for  a  patient  whose  left  leg  and  thigh  had 
been  run  over  by  a  heavy  motor  lorry.  When  lie  was  admitted  to  hospital, 
the  limb  was  enormously  swollen  from  the  middle  of  the  thigh  down  to  the 
toes,  and  quite  cold.  The  skin  of  the  limb  was  yellowish-white  in  colour. 
Neither  of  the  tibial  pulses  could  be  felt  at  the  ankle.  There  was  a  fracture 
through  the  head  of  the  tibia.  The  patient  was  in  a  state  of  extreme  shock, 
and  it  looked  as  if  at  least  one  of  the  popliteal  vessels  must  have  been 
ruptured.  An  incision  thirteen  inches  long  was  made  at  the  back  of  the  limb 
into  the  thigh,  popliteal  space,  and  leg,  evacuating  a  large  quantity  of  blood, 
and  exposing  the    large    vessels,   neither   of   which,   however,   was  ruptured. 
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Two.  other  incisions  were  made  at  the  sides  of  the  leg,  one  six  inches,  the 
other  three  inches  long,  into  the  subcutaneous  tissues,  which  had  been  stripped 
off  the  fascia  here  by  effused  blood.  The  splint  used  is  shown  covered  in 
Fig.  v.).  Fia.  .50  sh,,\v^  it  applied  to  the  Hmb  :  a  window  cut  in  it  to  allow 
access  to  tlie  lateral  womid  is  seen,  as  well  as  the  shaped  window  for  the  large 
posterior  wound.     The  patient  wore  this  splint  for  nine  weeks  continuously. 


I'lG.    49. — -Skeleton   .-i^liiu    illustrat^i    in    Fi'j.    H,  A.  siiown   covered. 

and  during  this  time  the  wounds  were  dressed  easily,  with  the  minimum  of 
disturbance  to  the  patient;  good  union  resulted,  although  at  first  it  was 
extremely  uncertain  whether  the  limb  could  be  saved. 

I  have  employed  similar  splints  for  many  men  sent  on  from  the  front  with 
comminuted  and  septic  fractures  of  the  femur,  and  they  have  acted  satisfac- 
torily in  ever\^  case.     Extension  of  the  fractured  bone  is  well  maintained. 


Fig.  50. — The  splint  shown  in  Fig.  49  applied  in  an  injury  of  the  thigh  and  leg  ;   an 
additional  window  ha.s  been  cut  in  it  to  give  access  to  the  lateral  wound. 


The  patients,  from  the  time  of  the  application  of  the  splints,  become  so 
confident  regarding  the  fixation  of  the  fracture,  that  they  are  able  to  move 
themselves  in  bed  easily,  which  means  they  obtain  relief  from  pain  ;  whereas 
with  the  splints  in  which  they  were  sent  on  from  the  front,  they  coidd  scarcely 
permit  themselves  to  be  touched.  These  splints  do  admirably  also  for  open 
fractures  of  the  leg  bones. 
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In  Fig.  M)  B  I  show  an  angled  and  tclcscopinj^f  wire  splint  that  is  of  use 
in  certain  fractures  of  the  lower  limb  ;  it  is  modelled  after  a  splint,  designed 
for  closed  fractures,  which  I  described  in  my  book  Fractures  and  their  Treat- 
ment, pp.  172  and  198,  It  is  made  with  a  long,  fixed,  unaltering  leg  piece  ; 
but  the  length  of  the  thigh  ])ieee,  which  is  the  important  segment,  can  be 
varied  by  three  inches.  Fig.  51  shows  the  same  splint  after  it  had  been 
covered  and  applied  in  the  case  of  an  aged  female  patient  with  a  rather 
unusual  fracture  of  the  shaft  of  the  left  femur.  She  had  a  long  spiral  fracture 
at  the  upper  end,  with  great  displacement  of  the  fragments,  as  well  as 
a  comminuted  fracture  at  the  lower  end  of  the  shaft.  She  was  treated  by 
placing  the  limb  in  this  splint,  with  a  heavy  extension  (not  shown  in  Fig.  51) 
applied  in  the  axis  of  the  flexed  thigh,  and,  in  addition,  a  light  clastic  exten- 
sion on  the  leg.  Excellent  reposition  of  the  fragments  was  obtained,  with 
firm  union  of  the  bone.  This  type  of  splint  is  made  in  tinned  iron  wire,  as 
soldering  is  necessary,  and  this  cannot  be  done  with  the  galvanizx'd  wire. 

In  Fig.  52  A  I  show  a  splint  with  a  long  open  space  at  the  back,  which 


fiG.  51. — Skeleton  .splint  shown  in  Fig.  468,  covered,  and  applied  in  a  fracture  of  tlie  shaft 

of  the  left  femur. 

may  perhaps  be  of  use  in  cases  where  continuous  irrigation  of  a  wound  is 
required.  A  dam  of  waterproof  material  should  be  placed  above  the  level  of 
the  wound,  in  order  to  check  the  upward  flow  of  the  irrigating  fluid. 

Measurements  Required  for  the  Splints. — It  is  important  that  the 
splints  shall  fit  as  accurately  as  possible,  and  the  measurements  I  use  are  : — 

1.  From  the  perineum  to  the  sole  of  the  foot. 

2.  From  the  tip  of  the  great  trochanter  to  the  sole  of  the  foot. 

3.  From  the  gluteal  fold,  in  the  centre  of  the  thigh,  to  the  sole  of  the 

foot. 

4.  The  oblique  circumference  of  the  thigh  at  the  great  trochanter. 

5.  The  circumference  of  the  limb  at  the  knee,  calf,  and  ankle. 

The  depth  of  the  splint  should  equal  the  diameter  of  the  limb — one-third 
of  the  circumference — so  that  the  limb  lies  deeply  in  the  trough  formed  by 
the  splint  for  its  entire  length.  The  splint  should  be  longer  than  the  limb  ; 
its  actual  length  will  be  determined  by  the  length  of  the  bed  available  for 
the  patient.     If  the  splint  can  be  at  least  one  foot  longer  than  the  limb  it 
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is  an  advantage,  as  the  extension,  which  I  carry  out  by  means  of  elastic 
tubing  or  cord,  is  more  easily  graded  if  the  fixed  point  is  some  distance  from 
the  limb  than  if  it  is  close  up  to  the  sole  of  the  foot. 

All  the  splints  of  this  type  for  the  lower  limb  require  a  back-bone, 
composed  of  a  double  wire,  which  can  be  opened  out  to  make  windows  when 
required,  as  indicated  in  Figs.  46  and  49  ;  its  termination  forms  a  convenient 
point  to  which  to  fix  the  rubber  extension  cords,  which,  when  attached  here, 
tend  to  brace  up  the  whole  splint  and  make  it  rather  more  rigid. 


Fig.  52. — -A.  Splint  for  the  lower  limb  with  a  long  open  space  at  back,  for  use  in 
continuous  irrigation  treatment.  B.  Simple  quadrilateral  splint  for  injuries  of  the  upper 
limb.  C.  Quadrilateral  splint  with  forearm  piece  attached,  made  for  the  case  shown 
in  Fig.  56,  where  it  is  seen  applied. 

It  has  been  found  better  for  the  foot-piece  of  the  splint  to  turn  back- 
wards, as  sho^\•n  in  Figs.  52  A  and  46  B,  instead  of  forwards,  as  at  first  made ; 
it  thus  takes  up  less  space  in  the  bed,  and  is  much  steadier.  The  foot-piece 
may  be  made  up  any  height,  according  to  the  degree  of  flexion  of  the  femur 
that  is  desired,  and  is  steadied  by  sand-bags  when  the  splint  is  in  use. 

The  body  of  the  splint  is  made  of  two  layers  of  lint  (or  flannel) ;  the 
inner  one,  next  the  limb,  should  be  looser  than  the  outer,  so  that  when  the 
resin  composition  is  poured  on,  the  two  layers  shall  come  into  close  contact 
^\^th,  and  adhere  to,  one  another  to  form  one  piece,  without  any  air  spaces 
forming  between  them.  Flannel  shrinks  more  than  lint,  and  this  must  of 
course  be  allowed  for. 
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The  ring  is  padded  to  the  thickness  of  about  an  inch,  then  covered  with 
jaconet,  on  the  top  of  which  a  single  layer  of  lint  is  placed.  In  this  way  a  soft 
ring  is  obtained,  as  the  layer  of  jaconet  prevents  the  whole  thickness  of  the 
padding  absorbing  the  composition.  Any  irregularities  on  the  surface  of  the 
ring  are  smoothed  off  with  a  hot  iron  or  knife.  The  resin  composition  ought 
not  to  be  too  hot,  because  then  it  tends  to  run  straight  through  the  lint, 
rather  than  spread  out  in  its  substance. 

SPLINTS    FOR    THE    UPPER    EXTREMITY. 

For  fractures  of  the  upper  limb  I  employ  a  wire  splint  having  a  quad- 
rilateral shape  ;  but  instead  of  making  it  in  the  form  of  a  trough,  like  the 
lower-limb  splint,  I  find  it  better  to  make  the  supports,  both  for  the  upper 
arm  and  for  the  forearm,  almost  flat,  rather  in  the  form  of  a  shelf,  because 
the  quadrilateral  shape  of  the  splint,  as  well  as  the  method  of  attaching  it 
firmly  both  to  the  trunk  and  limb,  allow  no  chance  for  the  latt(  r  to  slip  from 
position  ;    more  especially  is  this  so  when  one  employs  extension.       In  eonsc- 


FiG.   63. — Large   wound  of  the  anterior  wall  of  the  axilla,   with  extensive  destruction 
of  the  pectoralis  muscle.     The  hand  and  forearm  are  in  a  position  of  pronation. 


quence,  about  two-thirds  of  the  circumference  of  the  limb  are  freely  exposed 
for  dressing  any  woimd  that  may  be  present  on  this  surface,  and  if  there  be 
a  wound  on  the  remaining  third  of  the  limb  which  is  in  contact  with  the  splint, 
a  window  can  be  cut  in  the  support  to  give  access  to  it  (see  Fig.  61) ;  or,  in 
certain  cases,  the  support  can  be  done  away  with  completely,  as  the  extension 
of  the  limb,  and  the  bandages  round  it  which  are  required  to  keep  the  dress- 
ings in  position,  will  hold  the  part  sufficiently  steady. 

My  primary  splint  for  the  upper  limb  is  shown  in  Fig.  52  B.     I  have  found 
this  simple  quadrilateral  of  great  service  in  the  treatment  of  a  large  number 
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of  cases  of  extensive  gunshot  injury  to  the  soft  parts  of  the  axillary  walls, 
as  well  as  to  those  over  the  scapular  region,  even  where  there  was  no  bone 
involvement ;  because  in  these  cases  it  is  important  to  keep  the  muscles  con- 
cerned in  the  movements  of  the  shoulder-joint,  and  which  may  be  themselves 
involved  in  the  woinid.  at  rest,  and  in  such  a  position  that  when  healing  is 
completed,  the  power  of  abduction  of  the  arm  from  the  tnmk  will  not  be  inter- 
fered with,  as  is  certain  to  be  the  case  if  the  arm  be  maintained  at  the  side. 
As  the  abrupt  turn  of  the  splint,  in  its  typical  form  {Fig.  52  B),  may  in  some 
instances  extend  directlv  over  a  wound  of  one  or  other  of  the  axillary  walls. 


Fig.  54. — Gunshot  fracture  of  the 
humerus,  with  wide  separation  of  frag- 
ments of  the  bone^ 


Fig.  55. — The  same  humerus  as  that 
shown  in  Ftg.  54  after  treatment  in  the 
abducted  position  with  a  quadrilateral 
splint. 


it  will  sometimes  be  found  necessary-  to  modify  the  shape  of  the  sphnt  in  order 
to  obtain  free  access  to  the  woun<|.  In  the  case  of  an  injury  of  either  wall, 
the  angle  of  the  sphnt  may  be  made  concave  opposite  the  wound,  as  in 
Fig.  53,  or  the  upper  posterior  angle  of  the  splint  may  be  replaced  by  a 
circle  round  the  wound,  as  shoA\ni  in  Fig.  57. 

For  cases  of  open  fracture  of  the  humerus,  extension  is  obtained  by 
adding  to  the  primarj"  splint  a  suitable  outrigger  of  wire,  as  is  shown  in 
Figs.  57  and  59.  The  extension  is  obtained  either  by  adhesive  plaster  attached 
to  the  limb,  or  by  attaching  the  rubber  cords  to  pins  driven  through  the 
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condyles  of  the  luuncrus  {Fig.  59).  Some  of  the  men  suffering  from  fractures 
of  the  humerus  do  not  appear  to  be  able  to  put  uj)  with  any  extension  of  the 
limb  at  all ;  in  such  eases  I  have  found  the  primary  quadrilateral  splint  alone 
is  still  useful ;  it  has  quite  an  efficient  steadying  effect  upon  the  fragments 
of  bone,  provided  careful  bandaging  of  the  upi)er  arm  and  of  the  forearm 
to  their  respective  supporting  sides  be  carried  out.  The  mere  position 
of  abduction  in  itself  is,  so  far  as  one  can  judge  from  n-ray  examinations, 
sufficient  to  give  a  fair  re-adjustment  and  coaptation  of  the  fragments 
{Figs.  54  and  55). 

A  point  to  bear  in  mind  in  dealing  with  extensively  comminuted  fractures 
of  the  humerus,  such  as  so  often  result  from  gunshot  wounds,  is  that  move- 
ment of  the  distal  main  segment  of  the  shaft,  esj)eeially  rotation,  may — in 
consequence  of  the  associated  damage  to  muscle  so  often  present — altogether 
fail  to  influence  the  position  into  which  the  proximal  main  fragment  is  thrown 


^^^fl^HHH 

Fig.  56. — Gunshot  fracture  of  the  humerus  treated  with  the  spHnt  shown 
in  Fiff.  52  C,  to  maintain  complete  abduction  along  with  external  rotation  of  the 
humerus,  and  at  the  same  time  to  keep  the  Hmb  extended.  The  posterior 
wound  was  free  of  the  splint  and  accessible  for  the  dressings. 


by  the  unopposed  action  of  muscles  attached  to  it.  In  such  cases,  correct 
adjustment  of  the  main  fragments — and  in  these  septic  fractures  the  com- 
minuted pieces  must  be  left  to  themselves — can  only  be  obtained  by  placing 
the  distal  fragment  of  the  bone  in  the  attitude  which  corresponds  with  that 
of  the  proximal  one.  Thus,  in  Fig:  56  the  limb  is  shown  abducted  to  a  right 
angle,  and  at  the  same  time  rotated  out  at  the  shoulder  so  far  that  the  forearm 
lies  parallel  with  the  tnmk  ;  for  it  was  found,  in  the  case  of  this  patient,  that 
this  attitude  gave  the  best  reposition  of  the  main  fragments  of  the  bone.  The 
skeleton  splint  employed  in  this  particular  case  is  shown  in  Fig.  52  C;  Here 
the  forearm  piece  is  made  parallel  to  the  trunk-piece  ;  but  the  angle  at  which 
the  forearm  support  is  set  with  regard  to  the  rest  of  the  splint  can  easily  be 
varied,  so  as  to  adapt  the  lower  humerus  fragment  to  the  degree  of  rotation 
that  will  bring  it  into  the  best  coaptation  with  the  upper,  imcontrollable,  main 
fragment,  as  shown  by  a-ray  screening  and  examination  under  anaesthesia. 
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In  dealing  with  fractures  of  the  upper  extremity  of  the  humerus,  it  cannot 
be  too  strongly  insisted  upon  that  the  upper  arm  and  the  forearm  must  be 
adjusted  at  the  correct  angle  both  to  one  another  and  to  the  trunk  ;  so  that 
if  ankylosis  of  the  shoulder-joint — not  an  imcommon  sequel  in  septic  cases — 
is  the  best  result  that  is  ^o  be  anticipated,  the  arm  shall  ultimately  be  as  useful 
as  possible.  The  same  remark  applies  to  any  fractures  that  may  be  com- 
plicated by  a  septic  arthritis  of  the  shoulder-joint. 

This  leads  me  to  «Tite  of  what  I  call  the  'pitch'  of  the  splint.  In  a  large 
number  of  cases,  perhaps  the  majority,  it  seems  to  me  best  to  maintain  the 
upper  arm  in  the  position  of 
abduction  at  right  angles  dur- 
ing the  process  of  healing  ;  but 
this  attitude  will  not  always 
give  the  best  coaptation  of 
the  fragments,  so  that  it  is 
necessary  to  decide  at  the 
commencement  of  treatment 
whether  the  arm  shall  be  com- 
pletely abducted  or  not.  The 
position  which  gives  the  best 
reposition  of  the  fragments 
must  be  chosen  to  start  ^from. 
If  this  happens  to  be  one  that 
is  less  than  alright  angle,  it 
may  be  possible  to  improve  it 
as  time  goes  on.  For  example, 
in  cases  where  a  woiuid  involves 
either  of  the  axillary  walls, 
inflammatory  exudation  into 
the  tissues  might  prevent — for 
the  time,  at  any  rate,  and  pos- 
sibly permanently  —  complete 
abduction  of  the  upper  frag- 
ment ;  so  that  if  one  attempts 
to  abduct  completely  the  upper 
arm  in  these  circimistances,  it 
will  result  in  angulation  of  the 
fragments  at  the  site  of  frac- 
ture ;  if  this  be  shown  to  be 
the  case  on  screening,  the  arm 

must  be  abducted  at  such  an  angle  that  the  fragments  come  into  ahnement. 
In  Fig.  57  I  show  hoAV  the  'pitch'  of  the  humerus  side  of  the  splint  can  be 
varied  by  arching  the  lowest,  free  side  of  the  quadrilateral ;  by  doing  this, 
one  of  course  approximates  the  forearm  and  trunk  pieces  of  the  splint  at 
their  lower  ends,  and  so  the  angle  which  the  support  for  the  upper  arm 
makes  with  the  trunk  piece  can  be  altered  to  meet  the  posture  which  best 
brings  the  fragments  into  alinement.  As  improvement  in  the  state  of  the 
soft  parts  takes  place  with  stretching,  absorption,  etc.,  it  may  become  possible 
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Fig.  57. — Cavemoii-s  exit  wound  after  a  perforating 
gun.shot  injury  to  the  left  arm.  A  comminuted  fracture 
of  the  upper  third  of  the  humerus  was  produced,  and  the 
mu-scles  of  the  posterior  wall  of  the  axilla  were  exten- 
sively destroyed.  Free  access  is  given  for  dres.sing  the 
posterior  wound.  The  anterior  wound  was  free  of  the 
splint.  The  fracture  was  treated  by  extension  together 
with  ■  position,'  the  humerus  side  of  the  splint  being 
'  angled '  to  the  required  degree  by  arching  the  lower 
side  of  the  splint. 
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to  obtain  more  and  more  abduction  of  the  proximal  fragment  of  the  bone, 
by  gradually   straightening  the  lower  side  of  the  splint  and  thus  elevating 

the  humerus  support 
again. 

Another  point  in 
conneetion  with  the 
position  of  the  limb, 
whieh  generally  con- 
cerns the  fractures 
about  the  neck  of  the 
bone,  is  that  it  may 
be  advantageous  to 
keep  the  arm  advan- 
ced, more  or  less, 
from  the  frontal 
plane,  i.e.,  to  keep 
it    flexed   at   the 

Fio.   58. — Skewed   wire   splint,   with   resin-impregnated   supports  shouldcr-ioint,     while 
for  the  limb,  for  maintaining  abduction  at  the  shoulder,  along  with  , ...  ...  . 

flexion,  in  eases  of  fracture  about  the  neck  of  the  humerus.      Extension  Still      manitaUlUlg      It 

of  the  humerus  is  provided  for  by  splicing  an  outrigger  to  the  main  fullv  abductcd.      This 
splint,  the  posterior  wire  of  which  is  made  concave  at  the  axilla  to  *^,  ," 

allow  access  to  a  septic  wound  in  the  posterior  axillary  wall.  Can   be  allowed  tor  m 


fashioning  the  skeleton  wire  splint, 
which  for  this  purpose  must  be 
made  skewed,  so  that  the  body- 
piece,  which  must  lie  parallel  with 
the  trunk  of  the  patient,  has  the 
other  three  sides  of  the  splint  set  to 
it  at  the  angle  which  wil  give  the 
necessary  flexion  at  the  shoulder- 
joint.  It  necessitates,  however,  a 
firm  support  below  the  forearm 
piece,  the  patient  being  in  bed ; 
without  it,  the  posterior  wire  w^hieh 
forms  the  posterior  margin  of  the 
trunk  piece,  in  consequence  of  the 
rotation  caused  by  the  weight  of 
the  arm  and  splint  together,  would 
be  apt  to  press  the  skin  imduly, 
and  might  cause  a  pressure  sore  ; 
but  with  a  support  such  as  is  shown 
in  Fig.  58  it  is  quite  efficient.  The 
further  forward  the  arm  is  carried 
for  this  purpose,  the  more  con- 
strained does  the  attitude  of  supin- 
ation become,  and  in  such  cases  it 
is  decidedly  easier  for  the  patient  to 
(see  Fig.  53). 


Fig.  59. — Quadrilateral  splint,  modified"';^for 
application  to  a  patient  with  a  compound  fracture 
of  the  humerus  and  additional  wounds  of  the 
chest  wall,  axilla,  and  forearm,  and  with  outrigger 
attached  for  obtaining  extension.  The  extension 
is  applied  in  this  case  by  means  of  a  pin  driven 
through  the  condyles  of  the  humerus. 


have  the  forearm  in  a  state  of  pronation 


GUNSHOT    FEACTUEES    OF    LONG    BONES     113 


The  great  ad\antage  of  employing  wire  in  these  spUnts  is  that  any 
adaptation  required  for  wounds,  etc.,  in  the  shape  of  the  splint,  can  be  effected 
during  their  construction,  and  thus  one  is  enabled  to  deal  with  practically 
any  wounds  that  may  be  present,  as  well  as  with  fractures.  Fig.  59  shows 
a  splint  which  I  made  for  a  patient  who  was  suffering  from  (1)  a  septic 
fracture  of  the  left  humerus  caused  by  a  perforating  gimshot  wound  (only 
one  of  the  arm  woinids  is  seen,  the  other  being  at  the  back  of  the  limb) ; 
(2)  a  large  wound  involving  the  pectoral  muscle  in  the  anterior  axillary 
wall  ;  (3)  another  wound  on  the  thoracic  wall  leading  to  fractures  of  the 
7th  and  8th  left  ribs  ;  and  (4)  three  wounds  on  the  forearm.  All  of  the 
wounds  were  highly  septic.  The  patient  was 
extremely  ill  from  sepsis  when  admitted,  and 
unable  to  sleep  owing  to  the  extreme  pain  in  the 
limb,  which  was  only  sup{)orted  on  a  wooden 
splint  that  required  to  be  removed  every  time 
a  dressing  was  necessary.  My  splint,  along  with 
the  extension  applied  to  the  humerus,  gave 
immediate  relief,  in  consequence  of  the  support 
it  gave  to  the  fracture  ;  and  all  the  woimds  were 
made  easily  accessible  for  the  necessary  dressings. 

For  open  fractures  of  the  forearm  bones  I 
use  a  splint  such  as  is  shown  in  Fig.  60  ;  Fig. 
61  shows  one  of  these  splints  in  use.  Extension 
is  easily  obtained,  and  the  freest  access  can  be 
given  to  any  wounds  that  require  dressing. 
When  applied  as  shown  in  Fig.  61,  with  the  palm 
of  the  hand  lying  against  the  splint,  the  forearm 
is  in  the  attitude  of  complete  supination  (radio- 
ulnar). This  position  is  of  importance  for  many 
fractures  of  the  forearm,  however  produced, 
whether  in  military  or  civil  practice,  but  especi- 
ally so  in  septic,  comminuted,  gunshot  fractures  ; 
for,  in  this  position,  the  shafts  of  the  bone  are 
kept  as  widely  apart  as  is  possible.  Where 
there  is  considerable  smashing  of  the  forearm 
bones,  I  find  it  is  easier  to  maintain  supination, 
and  more  comfortable  for  the  patient,  if  the 
composition   support  for  the  forearm  is  brought 

down  far  enough  for  the  palm  of  the  hand  to  rest  upon.  It  is,  however,  just 
as  easy  to  obtain  a  position  of  pronation  (see  Fig.  53),  should  it  be  foimd 
necessary  and  advantageous.  I  notice  that  where  the  forearm  is  left  free, 
i.e.,  is  not  extended,  the  men  wearing  these  quadrilateral  splints  frequently 
lie  with  the  hand  in  the  attitiide  depicted  in  Fig.  53,  in  complete  pronation, 
as  being  an  easy  and  comfortable  one. 

In  fractures  of  the  humerus  where  union  is  sufficiently  far  advanced, 
these  splints,  while  still  supporting  the  damaged  bone,  allow  of  free  active 
movement  being  carried  out  at  the  elbow-joint,  a  point  of  very  considerable 
importance  in  treatment. 

VOL.    V. NO.    17.  " 


Fig.  60. — Skeleton  splint  for 
open  fractures  of  the  forearm 
bones.  It  is  shown  in  appli- 
cation in  Fig.  61. 
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Up  to  the  present  time  I  have  not  had  any  o]>]iortunity  of  testing  the 
splint  in  a  septic  fracture  of  both  the  humerus  and  the  bones  of  tlie  forearm  ; 
but  in  a  case  of  this  kind,  the  extension  could  quite  easily  be  ap|)lied  to  both 
segments  of  the  limb  by  adding,  for  example,  a  humerus  extension  outrigger 
to  the  splint  illustrated  in  Fig.  61. 

Fig.  62  represents  a  telescoping  and  adjustable  splint  which  Messrs. 
RoAvat  &  Co.  have  made  for  me,  and  Avhich  is  distinctly  useful.  It  exjiands 
in  each  of  its  foiu*  sides  from  seven  to  ten  inches,  so  that  it  will  fit  individuals 
with  limbs  which  differ  considerably  in  size  ;  and  it  can  also  be  angled  as 
required  to  fit  it  to  the  displacement  of  the  fragments  of  the  humerus  shaft  ; 
while  its  joints  can  be  locked  so  firmly  that  the  splint  will  remain  perfectly 
rigid  at  any  angle  {Fig.  63).  These  appliances  are  especially  useful  as  tem- 
porary aids  in  fixing  a  fracture  imtil  a  lighter  wire  splint  can  be  turned  up  to 


Fic'Ol. — Perforating  gunshot  wound  of  the  forearm,  with  extensive  com- 
minution of  the  radius.  A  window  has  been  cut  in  the  support  for  the  forearm, 
to  give  access  to  the  wound  in  the  anterior  aspect  of  the  Hmb.  The  hand  and 
forearm  are  in  complete  supination. 


fit  the  individual  patient.  It  is  quite  easy  to  add  extension  outriggers 
for  the  himierus  or  the  forearm  bones,  either  by  wiring  them  to  the  main 
splint,  or  by  having  slots  soldered  on  the  latter  into  which  the  outriggers 
can  be  fitted.  It  is  rather  heavier  than  the  ordinary  simple  wire  splint, 
being  made  of  thicker  wire  ;  it  weighs,  with  lint  and  resin  supports,  2|  lb.,  as 
against  the  If  lb.  of  the  splint  shown  in  Fig.  52  B,  and  this  is  almost  its  only 
disadvantage.  It  has  been  worn  by  men  who  had  previously  carried  one  of 
the  lighter  wire  quadrilateral  splints  for  several  weeks,  and  they  have  assured 
me  that  it  is  perfectly  comfortable  and  not  at  all  too  heavy. 

It  will  be  observed  that  nearly  all  the  illustrations  of  the  fractures  of 
the  upper  limb  show  the  splint  applied  to  patients  lying  in  bed.  For  my 
part,  I  believe  patients  with  open  fractures  of  the  humerus  are  best  treated 
lying  down.  As  a  matter  of  fact,  when  men  suffering  from  gunshot  fractures 
come  to  us,  they  are  nearly  all  so  seriously  ill  from  sepsis  that  they  cannot 
be  in  any  other  attitude.     The  .splints  may  be  a  little  awkward,  but  are  no 
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bar  to  patients  who  wish  to  be  up  and  about  and  who  still  require  support 
for  their  fracture  ;  if  the  man's  general  condition  permits  it,  he  quickly  learns 
to  steer  his  way  fairly  well  even  with  one  of  these  splints  attached. 

The  various  illustrations  give  a  fairly  accurate  idea  as  to  the  measure- 
ments that  may  be  required,  but  these  vary  so  much  in  different  cases  that 
one  cannot  lay  down  definite  ndes. 


I  would  only  add,  for  the  benefit  of  anyone  who  may  desire  to  make  the 
splints  himself,  that  the  measurements  ought  to  be  correctly  made,  and  the 
calculated    length  of  wire  should  allow  for  a  certain 
amoimt    over  and  above  ;    and  that,  before  making 
any    bend   in   the   wire    during   the    construction    of 

certain    of    the 


the    splint,    one     should    be    quite 
correct  plane  in  which  it  ought  to 


go  !  In  making  arm  splints,  it  is 
well  to  begin  them  at  the  cross-bar 
forming  the  lower  extremity  of 
the  body  piece  (see  Fig.  61 ),  which 
may  generally  be  taken  as  being 
about  the  centre  of  the  length  of 
wire  required. 


Fig.  t)2. — Telescoping  splint,  set  at  a 
right  angle  as  for  the  right  upper  limb. 
Each  side  as  shown  measures  7  inches  in 
length. 


Fig.  6.^. — The"{  same~fsplint  as  shown  in 
Fig.  62,  .set  at  an  angle  and  locked  by  the 
locking  nut.s.  Each  side  is  here  expanded  to 
10  inches. 


A  large  number  of  the  splints  I  have  made  up  myself,  but  I  desire  to 
acknowledge  the  very  great  assistance  received  from  Dr.  T.  Jackson,  who  was 
my  house  surgeon  for  nearly  twelve  months  after  the  gunshot  fractures  came 
under  observation.  My  thanks  are  also  specially  due  to  Miss  J.  B.  Craig,  the 
excellent  sister  of  my  wards,  whose  help  in  this,  as  in  most  of  my  work,  has 
been  invaluable. 
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THE    CARREL    TREATMENT    OF    WOUNDS. 

By  Colonel  G.  BARLING,  A.M.S. 

The  essence  of  this  treatment  consists  in  the  frequent  instillation  into  the 
wound  of  a  solution  of  sodium  hypochlorite  free  from  caustic  soda. 

The  purpose  is  to  destroy  infection  by  constantly  exposing  it  to  the  anti- 
septic, thus  lessening  the  risks  of  septic  absorption,  shortening  the  process  of 
healing,  and  enabling  many  woimds — whether  simple,  or  associated  with 
fracture  or  joint  opening — to  be  closed  by  secondary  suture. 

It  will  be  Avell  first  to  say  something  as  to  the  antiseptic  now  known  as 
Dakin's  fluid.  With  this  article  will  be  found  a  complete  description  of  the 
preparation  of  the  fluid  devised  by  Dakin  in  collaboration  with  Dr.  Carrel 
(for  the  translation  I  am  indebted  to  Major  Irwin,  R.A.M.C.)  Their  aim  has 
been  to  produce  a  solution  containing  not  less  than  0'45  per  cent,  nor  more 
than  0'5  per  cent,  of  hypochlorite  of  soda,  the  first  being  regarded  as  inefficient, 
the  second  as  irritating.  The  presence  of  caustic  soda  is  harmful  because  of  the 
irritation  it  produces  in  the  surrounding  skin.  To  determine  the  presence  or 
absence  of  this  alkalinity,  powdered  phenolphthaleine  is  added  to  some  of  the 
solution  ;  if  caustic  soda  is  jiresent,  the  solution  turns  an  intense  red ;  whilst 
if  it  is  properly  compoimded,  there  is  no  change  in  the  coloration.  Like  all 
the  hypochlorite  solutions,  Dakin's  fluid  is  imstable,  and  must  be  protected 
from  light,  the  best  method  being  to  use  large  receivers  made  of  black  glass, 
surrounded  by  wicker  cases. 

The  antiseptic  is  carried  into  the  wounded  tissues  by  means  of  ordinary 
small  rubber  tubes,  varying  in  size  from  about  a  No.  5  to  a  No.  10  india-rubber 
catheter.  These  tubes  are  closed  at  the  end  by  a  ligature,  whilst  they  are 
perforated  at  short  intervals  by  tiny  holes  made  with  a  dental  punch,  the 
purpose  being  to  retain  some  of  the  fluid  in  the  tube,  whence  it  will  escape 
slowly  into  the  wound  ;  there  is  no  intention  to  irrigate  in  the  ordinary  sense 
of  the  term.  The  minute  lateral  openings  in  the  tubes  extend  over  one,  two, 
or  more  inches  of  their  length,  corresponding  to  the  depth  of  the  wound,  or 
to  its  length  if  they  arc  laid  flat  on  the  surface ;  if  the  openings  cover  an  un- 
suitable length  of  the  tube  the  fluid  escapes  outside  the  wound  on  to  the  skin, 
which  is  not  desired.  Figs.  64-67  show  the  distributing  apparatus  arranged 
for  one,  two,  three,  and  four  tubes  respectively.  If  the  wound  is  superficial,  the 
terminal  two  or  three  inches  of  the  tube  may  be  surroimded  with  a  thin  layer 
of  towelling,  to  help  keep  it  in  place.  Again,  if  there  is  a  cavity  in  the  bone, 
a  tube  may  be  used  the  end  of  which  is  left  open,  and  no  lateral  openings  are 
made.  The  number  of  tubes  used  in  a  wound  may  vary  from  one  up  to  eight 
or  even  ten.  For  instance,  in  treating  a  compound  fracture  into  the  ankle- 
joint,  a  group  of  about  four  tubes  is  usually  sufficient ;  whereas  with  similar 
conditions  at  the  knee-joint,  when  there  is  extensive  injury  to  the  bone,  at 
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least  about  twice  as  many  would  be  required  when  the  early  septic  condition 

is  attacked. 

The  tubes  must  be  of  such  length  as  to  allow  of  their  being  brought  out 

through  the  dressing  without  bending  or  kinking.    If  one  tube  only  is  used,  the 

antiseptic  is  most  easily  instilled  by  means  of 
a  small  syringe  such  as  that  shown  in  Fig.  68, 
or  the  Koch  syringe,  but  this  must  not  be  done 
forcibly  ;  •  the  same  instnmient  may  be  used  if 
there  are  multiple  tubes,  but  economy  of  time 
is  promoted  by  joining  the  tubes  in  groups  to 
glass   pieces   with   two,    three,    or   four    limbs, 


Fig.  64. 


Fig.  65. 


Fig.  66. 


Fig.  67. 


these  in  turn  being  connected  with  a  single  tube  leading  to  a  small  reservoir 
{Fig.  69)  containing  the  Dakin  fluid,  the  supply  to  the  wound  being  con- 
trolled by  a  small  pinch-cock  {Fig.  70)  *in  the  tube  between  the  reservoir 
and  the  glass  jimction.  The  glass  reservoir  is  suspended  near  the  head  of  the 
bed,  at  a  convenient  height,  and  out  of  the  way  of  injury. 


Fig.  68.— Carrel's    syringe. 


The  tubes  must  be  watched  to  determine  whether  the  antiseptic  flows 
evenly  to  all  the  branches  so  as  to  secure  a  general  distribution  to  the  wound. 
The  amount  applied  every  two  hours  depends  upon  the  area  of  the  wounded 
surface,  but  usually  from  ten  up  to  thirty  cubic  centimetres  are  admitted  at 
each  instillation,  according  to  the  number  of  tubes  and  the  extent  of  the  wound. 
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The  dressing  materials  used  consist  of  small  pieces  of  plain  jrauze  about 
the  size  of  the  hand,  and  of  pieces  of  Gamgee  tissue  or  some  similar  material 
cut  into  jDortions  of  suitable  size  for  the  individual  wound  to  be  treated.  In 
different  clinics  the  details  vary  somewhat,  and  later  on  I  shall  briefly  refer  to 
these  ;  but  I  may  mention  here  that  there  is  no  packing  of  wounds  with  gauze 
in  the  sense  in  which  this  term  is  used  in  connection 
with  salt  packing.  Absorbent  cotton-wool,  unenclosed 
between  layers  of  gauze  is  not  a  suitable  material  for 
this  method ;  it  is  difficult  to  handle,  sticks  on  and 
around  the  wounded  part  and  to  the  dresser's  gloves, 
and  takes  up  more  time  than,  for  instance,  Gamgee  tissue ; 
this  last  point  is  a  matter  of  some  importance  when  a 
number  of  dressings  have  to  be  changed. 

My  first  opportimity  of  seeing  the  Carrel  method  was 
at  a  hospital  where  Dr.  Carrel  has  a  clinic  of  somewhat 
less  than  100  beds.  Subsequently  I  had  the  advantage 
of  also  seeing  Professor  Tuffier's  wards,  and  in  his  absence 
his  cases  were  demonstrated  by  his  assistant,  Mdlle.  Dr. 
Hartmann.  At  the  same  period  I  also  attended  the 
American  ambulance  in  Paris  under  the  direction  of  Dr. 
Hutchinson,  and  the  Hopital  Buffon  directed  by  Dr. 
Chutro.  At  each  place  I  was  most  kindly  received,  and 
everyone  was  most  willing  to  show  me  everything  at 
their  disposal,  and  to  give  me  information  on  all  points. 
I  would  like  here  to  express  my  grateful  thanks  for  the 
courtesy  shown. 

At  Carrel's  hospital  there  is  the  most  complete  demon- 
stration not  only  of  the  clinical  treatment,  but  also  of  its 
complement  the  bacteriological  examination  of  the  wounds, 
to  which  I  refer  later.     An 
admirable  illustration  is  also 
given  of  the  clinical  progress 
of  woiuids  by  means  of  the 
lantern.      Photographs    in 
colour  are  taken  at  various 
stages    of    the    wound,    the 
healing  of  which  at  different 
periods  can  thus  be  followed  ; 
and  if  the  patient  is  still  in 

hospital,    a   still   later    stage    can    be    observed    by    the 
visitor. 

The  bacteriological  method  is  quite  simple.  By  means  of  a  sterihzed 
platinum  wire  a  smear  is  taken  from  one  or  more  parts  of  the  wound,  spread 
on  a  slide,  and  suitably  stained.  If  it  is  a  recent  wound,  the  first  examination 
usually  reveals  a  large  number  of  organisms  of  various  kinds  in  each  field  of 
the  microscope.  About  every  two  days  this  examination  is  repeated,  and  it 
may  be  that  in  the  early  stages  the  number  of  organisms  actually  increases ;  for 
instance,  there  may  be  thirty  per  field  at  the  first  examination,  and  at  the 


Mohr's  pinch-cock. 


Fig.  69. — Complete 
apparatus  for  massive 
intermittent  irrigation. 
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second  sixty  or  infinitely  more ;  but  gradually  the  number  of  organisms  per 
field  drops,  and  at  the  end  of  ten  days  perhaps  only  five  per  field  are  found  ;  a 
week  later  perhaps  only  one  organism  is  seen  in  a  field,  to  be  followed  by  a 
further  drop  to  one  organism  in  four  or  five  fields.  If  the  clinical  condition  of 
the  woiuid  is  in  accord  with  the  favourable  bacteriological  report,  the  time  has 
arrived  when  the  wound  may  be  closed  by  suture.  When  this  is  possible,  in  cases 
of  extensive  gaps  in  the  soft  tissues,  or  in  the  presence  of  a  compound  fracture 
of  an  open  joint,  the  advantages  are  great.  Not  only  is  the  patient  saved  from 
the  risk  of  secondary  infections  of  his  wound,  but  his  stay  in  hospital  may 
be  materially  shortened.  The  curve  in  the  bacterial  chart  is  not  always  in  the 
direction  of  improvement ;  at  times  there  may  be  a  considerable  jump  in  the 
record  of  bacteria  found — sometimes  without  recognizable  cause,  at  other  times 
due  to  the  removal  of,  say,  a  fragment  of  necrosed  bone.  The  improving  curve 
generally  returns  in  a  short  time,  and  the  normal  fall  to  zero  follows.  Before 
closure  of  a  woimd,  it  is  desirable  to  investigate  more  than  one  part  of  it,  as 
the  flora  vary  in  different  parts  of  the  same  wound.  It  is  specially  desirable 
to  investigate  secretions  from  any  deep  part  or  pocket ;  if  the  bacteria  are 
fairly  nimierous  on  such  an  investigation,  however  satisfactory  the  remain- 
der of  the  wound  may  be,  closure  should  be  deferred  imtil  the  deep  part  shows 
better  bacteriological  results. 

The  technic  of  the  dressings  at  Carrel's  hospital  is  carried  out  with  the 
most  scrupulous  care.  The  wounds  are  dressed  ever\'  day,  a  course  which  is 
not  followed  everywhere.  The  surgeon  is  suitably  clothed  for  his  work,  and 
wears  gloves  ;  he  does  not  touch  the  wound  even  Avith  his  gloved  hands,  but 
removes  the  soiled  dressings  with  two  pairs  of  forceps,  and  uses  the  same 
instruments  to  readjust  or  replace  the  tubes  if  necessary,  to  apply  pieces  of 
gauze  moist  with  Dakin's  fluid,  and  over  this  to  apply  a  layer  of  dry  gauze. 
The  skin  for  some  inches  around  the  edge  of  the  wound  is  thoroughly  cleaned 
with  a  fluid  neutral  soap,  forceps  holding  a  small  swab  being  used  for  this 
purpose,  as  also  to  remove  any  excess  of  discharge  from  the  surface  of  the 
wound  itself.  The  outer  pads  of  the  special  tissue  are  then  brought  together, 
and  clipped  with  the  forceps  which  have  been  used  by  the  surgeon,  who  passes 
on  to  the  next  case,  leaving  a  nurse  to  make  a  more  permanent  fastening  of 
the  dressing.  To  sum  up,  the  dressing  is  carried  out  with  as  much  care  as 
though  it  were  an  operation  on  aseptic  lines. 

What  are  the  results  obtained  by  Dr.  Carrel  ?  The  cases  I  had  the  oppor- 
tunity of  observing  were  nearly  all  old  cases  from  other  institutions,  which  I 
was  assured  arrived  at  Carrel's  hospital  after  long  suppuration — ^for  Aveeks  or 
months — and  still  suppurating.  The  records  confirmed  this.  Many  of  these 
wounds  were  associated  with  considerable  lesions  of  bone  or  joint.  When  the 
wounds  were  exposed  by  the  removal  of  the  dressing,  I  found  that  they  were 
granulating  beautifully,  there  was  a  complete  absence  of  pus,  and  the  only 
discharge  was  a  semi-coagulated  fluid  looking  like  clear  lymph  or  very  thin 
glue.  After  one's  experience  of  the  prolonged  suppurations  in  so  many  of  the 
cases  arising  in  the  war,  I  felt  that  I  was  in  the  presence  of  successful  wound 
treatment  such  as  I  had  not  seen  approached  by  any  other  method. 

The   question  arises:    Is    it   possible  for  us  to  attain  similar  results   in 
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English  hospitals  ?  In  answering  this,  one  has  to  bear  in  mind  that  Carrel's 
clinic  is  really  an  experimental  hospital,  ])rovided  with  elaborate  assistance  in 
the  way  of  laboratory,  and  medical  and  nursing  staffs.  The  work  is  carried  out 
by  those  who  are  through  long  experience  intimately  versed  in  the  details — a 
really  important  matter — and  as  keenly  interested  in  the  success  of  the  work  as 
is  their  chief.  The  demands  made  by  our  hosjiitals  upon  surgeons  and  nurses, 
and  the  limited  supply,  render  it  impossible  for  us  to  hav^e  anything  apj)roach- 
ing  the  personnel  of  this  Carrel  hospital.  In  a  busy  time,  such  as  occurred  last 
summer,  a  great  deal  of  dressing  is  of  necessity  left  to  the  nursing  staff,  with 
supervision  of  the  graver  wounds  by  the  surgeon.  Does  this  render  Carrel 
treatment  in  our  hospitals  an  luisuitable  method  ?  Again,  can  we  emidate 
in  recent  woimds  the  striking  success  attained  in  those  of  much  older  date  ? 
The  answer  to  these  two  important  questions  is  partly  supplied  by  what  I  saw 
at  some  of  the  other  hospitals,  and  partly  by  the  experience  I  have  so  far  had 
in  the  hospitals  at  Rouen. 

At  Chutro's  hospital,  the  nursing  staff  is  not  so  numerous  as  at 
Carrel's,  though  still  more  numerous  than  ours;  but  Chutro  has  so  modified 
the  method  of  dressing  as  to  curtail  the  demands  on  the  surgical  and  nursing 
staff  to  a  very  considerable  degree.  For  instance,  the  dressing  is  not  changed 
every  day;  the  routine  time  is  every  second  day,  and  in  cases  approaching 
their  termination  a  longer  period  may  be  allowed  to  elapse.  Again,  no 
cleansing  by  soap  is  made  of  the  skin  around  the  woimd ;  thus,  in  each  dressing 
a  few  minutes  are  saved.  It  must  also  be  remembered  that  in  his  hospital  of 
some  300  beds,  not  a  single  splint  is  used  to  fix  injured  limbs,  whether  of  the 
upper  or  of  the  lower  extremity,  whether  associated  with  fractured  bone  or 
infected  joint.  In  the  lower  extremity  the  limb  is  fixed  by  Chutro's  extension- 
stirrup,  passed  through  the  tissues  immediately  in  front  of  the  tendo  Achillis 
and  above  the  upper  margin  of  the  os  calcis  ;  counter-extension  is  secured 
through  the  weight  of  the  patient's  body,  by  elevating  the  foot  of  the  bed.  The 
part  is  also  steadied  a  good  deal  by  the  thick  outer  dressing  devised  by  Dr. 
Chutro,  and  by  a  thin  metal  tray  underneath  the  limb,  which  also  prevents 
leaking  of  the  antiseptic  into  the  bed.  The  patient  is  kept  very  level  by  a 
strong  fracture- board  on  which  is  superimposed  a  thick  and  very  rigid  but 
comfortable  mattress.  Whether  Chutro's  method  of  controlling  the  limb 
without  splints  is  a  good  one  or  not,  it  undoubtedly  facilitates  dressing, 
and  I  saw  no  untoward  results  from  discarding  splints. 

Chutro's  outer  dressing  has  much  to  recommend  it.  It  is  of  large  area : 
that  for  application  to  a  high  compound  fracture  of  the  femur  would  be  split 
at  its  upper  margin  posteriorly  and  carried  well  over  the  buttock  and  the  iliac 
region,  and  downwards  to  the  knee  or  below.  It  is  secured  in  position  by  ties 
of  tape,  no  bandage  being  used.  The  dressing  material  is  a  very  thick  layer 
of  good  non-absorbent  cotton-wool,  with  a  thin  layer  of  absorbent  wool 
superimposed,  the  whole  being  enclosed  between  two  layers  of  gauze  or  muslin. 
When  the  dressing  is  re-applied,  the  ties  are  undone,  the  outer  covering  falls 
open,  the  soiled  gau/x'  is  removed,  and  the  tubes  are  readjusted ;  but  no  cleaning 
of  the  skin  around  is  attempted.  Fresh  moist,  and  then  dry,  gauze  is  applied, 
as  at  Carrel's  hos[)itaI,  and  the  covering  is  closed  and  tied  again;   or  if  it  is 
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considered  necessary,  a  fresh  covering  is  used,  a  change  required  perhaps 
every'  time  the  wound  is  dressed,  every  fourth  or  eveiy^  sixth  day. 

I)r,  Chutro  also  reduces  the  bacteriological  examination  to  a  minimum. 
Wound  films  are  not  examined  as  a  routine,  but  only  in  those  cases  which  have 
reached  the  stage  at  which  there  is  a  prospect  of  being  able  to  employ  secondary 
suture  ;  then  the  investigation  is  made  over  a  period  of  several  days.  This  is 
of  course  the  really  important  time  for  the  determination  of  the  bacterial 
content  of  the  wound,  and  in  British  hospitals  we  may  well  take  a  hint  from 
Dr.  Chutro,  or  the  pathologists  at  the  various  hospitals  will  be  overburdened. 

In  the  late  cases  which  formed  the  bulk  of  those  seen  at  Carrel's  clinic, 
little  appeared  to  have  been  done  in  the  way  of  opening  up  the  wounds  afresh, 
luiless  it  was  evident  that  some  part  of  the  wound  was  difficult  of  access  or  was 
pooling  secretion  ;  in  such  circumstances  some  enlargement  of  the  existing 
wound  was  resorted  to. 

In  the  case  of  recent  wounds  a  different  course  is  required,  and  at  Rouen 
we  are  working  for  the  present  on  the  lines  I  now  mention.  The  wound  is 
opened  up  freely  so  as  to  give  ready  access  to  all  parts,  and  the  damaged  and 
badly  infected  tissues  are  removed  as  freely  as  the  occasion  requires  and  the 
position  of  the  injury  allows.  If  the  injury  is  a  fracture  of  the  skull  or  a  wound 
into  a  knee-joint  such  as  we  have  been  in  the  habit  here  of  closing  by 
immediate  suture,  that  coiu^e  would  be  adopted.  If,  on  the  other  hand,  the 
knee  is  too  badly  infected,  or  damage  to  the  tissues  will  not  allow  of  closure. 
Carrel's  treatment  would  be  begun  at  once,  as  it  would  be  also  in  the  case  of 
compoimd  fractures,  or  such  wounds  of  the  soft  tissues  without  fracture  as  do 
not  lend  themselves  safely  to  inrniediate  suture.  Counter-openings  for  drain- 
age are  not  made,  as  they  have  the  disadvantage  of  allowing  the  instilled  fluid 
to  escape  almost  as  soon  as  it  is  introduced  ;  but,  on  the  other  hand,  much 
care  is  taken  to  remove  all  gross  foreign  material,  and  also  all  badly-injured 
tissue,  not  only  in  the  soft  parts,  but  also  in  the  end  of  a  bone  entering  into 
a  joint.  In  the  case,  for  instance,  of  a  wound  of  one  of  the  femoral  condyles, 
a  gouge,  or  a  chisel  and  mallet,  is  used  to  get  a  clean  surface  of  bone ;  but  if 
there  is  a  split  into  the  femur,  partly  separating  the  whole  condyle,  the  latter 
is  not  removed  bodily.  In  the  case  of  a  comjxjund  fracture  in  the  shaft  of  a 
long  bone,  the  decision  as  to  how  much  bone  should  be  removed  is  not  an 
easy  one.  If  fragments  are  ver\''  freely  removed  it  is  easier  to  overcome  the 
infection,  and  healing  with  or  ^\^thout  secondary  suture  is  secured  at  an  earlier 
date  ;  but  such  free  removals  are  apt  to  be  followed  by  failure  of  bony  union. 
Several  such  failures  of  union  have  come  under  my  observation.  The  general 
routine  followed  is  to  remove  all  entirely  loose  fragments,  and  to  leave  those 
which  have  some  prospect  of  wholly  or  partly  surv  iving.  The  wound  having 
thus  been  thoroughly  prepared,  the  instillation  tubes  are  introduced  in  such 
numbers  as  will  secure  a  thorough  exposure  to  the  influence  of  the  hypochlorite 
solution,  and  the  parts  are  supported  by  suitable  splints.  After  amputation. 
Carrel's  method  may  also  be  adopted,  and  in  cases  where  there  is  no  spreading 
infection  from  anaerobic  organisms,  flaps  are  generally  made  and  loosely  closed 
with  sutures,  and  tubes  are  introduced  freely,  some  being  placed  well  into  the 
larger  areas  of  loose  connective  tissues  between  the  muscles,  etc. 
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The  drcssinjjs  arc  usually  chantjcd  every  day,  tmlcss  an  aiuTsthctic  is 
required,  v,\\en  they  are  left  two  or  three  days.  If  the  skin  becomes  sore  and 
irritable  around  the  wound,  it  is  smeared  with  vaseline,  which  makes  a  good 
protection,  or  strips  of  gauze  coated  with  vaseline  may  be  applied.  Skin 
irritation  may  be  due  to  caustic  alkali  in  the  Dakin  solution,  and  the  solution 
should  be  tested  to  determine  this. 

It  is  too  early  yet  to  speak  freely  of  the  results  obtained  at  the  Rouen 
hospitals.  The  surgeons  have  so  far  had  but  a  limited  experience  of  Carrel's 
method,  and  the  nursing  staff  are  in  the  same  position.  There  can  be  little 
doubt  that  familiarity  with  the  details  insisted  on  so  emphatically  at  the  Carrel 
clinic,  is  a  ver}^  important  element  in  obtaining  the  highest  degree  of  success. 
Then,  again,  the  woimds  we  have  to  treat  at  Rouen  arc  much  more  extensive 
and  severe  than  most  of  those  seen  at  the  clinics  I  visited  ;  quite  a  number  of 
our  patients  suffer  from  multiple  womids  in  different  parts  of  the  body,  which 
again  adds  to  the  difficulties  of  treatment  by  both  surgeons  and  nurses.  It 
must  also  be  remembered  that  the  cases  come  to  us  in  the  full  flush  of  their 
septicity,  either  to  be  treated  primarily  by  Carrel's  method  here,  or  having  a 
day  or  two  previously  been  so  treated  at  the  casualty  clearing  stations.  It  is 
impossible  to  compare  the  course  of  such  cases  with  that  of  the  cases  I  saw  at 
Carrel's  hospital.  It  is  most  difficult  to  appraise  accurately  either  the  dose  of 
sepsis  the  patient  has  received  or  his  individual  resistance  to  it ;  this  should 
make  us  cautious  in  drawing  wide  conclusions  from  a  limited  number  of 
happy  results.  With  these  reservations,  I  may  now  say  that  we  have  attained 
such  a  measure  of  success  as  I  have  not  seen  secured  by  other  methods, 
and  I  anticipate  that  further  experience  will  give  still  better  results.  A  fair 
number  of  cases  have  been  closed  by  secondary  suture,  mostly  wounds  of 
soft  parts  only,  as  we  have  been  feeling  our  way  with  caution  ;  but  I 
anticipate  that  the  future  will  provide  greater  opportunity  for  secondary 
Avound  closure. 

It  will  be  well  for  those  who  propose  to  adopt  Carrel's  method  of  wound 
treatment  not  to  expect  immediate  miraculous  results,  but  to  remember  the 
long  period  of  plodding  endeavour  spent  by  the  originator  before  he  achieved 
his  present  success,  and  to  remember  also  our  long  battle  against  sepsis  during 
the  whole  of  the  present  war.  To  ensure  the  best  results,  the  surgeon  must 
not  only  educate  himself  in  the  details,  but  he  must  take  the  trouble  to  train 
his  nursing  staff,  so  that  they  may  have  an  intelligent  understanding  of  his 
aims  and  be  prepared  with  tubes,  forceps  dressings,  etc.,  to  facilitate  his  work 
and  economize  his  time. 

Those  who  have  come  in  contact  with  Dr.  Carrel,  and  who  know  his  work, 
cannot  be  otherwise  than  deeply  impressed  by  his  results.  In  chronic  cases, 
such  as  I  have  seen  in  such  large  numbers  in  the  militar}^  hospitals  in  England, 
there  seems  no  reason  why  we  should  not  emulate  the  results  obtained ;  but 
this  can  only  be  done  if  the  surgical  and  nursing  staffs  of  hospitals  will  take 
the  trouble  to  understand  the  principles  on  which  Carrel's  work  is  based,  and 
will  attend  diligently  to  all  the  details.  In  other  words,  there  is  nothing  really 
difficult  or  abstruse  about  it  ;  it  is  simply  a  matter  of  taking  pains.  For  the 
majority  of  the  surgical  staffs  who  have  no  opportunity  of  visiting  Carrel's  or 
other  clinics  where  this  method  is  employed  as  a  routine,  an  excellent  guide 
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has  been  A\Titten  by  Carrel  and  Dehelly.  It  is  entitled,  "  Le  Traitement  des 
Plaies  Infectees,"  and  is  published  by  Masson  et  Cie,  Paris,  price  4  francs. 

When  we  attempt  to  compare  results  obtained  at  British  base  hospitals  in 
France  with  those  at  Carrel's  clinic — that  is,  in  the  recently  wounded — we  have 
to  bear  in  mind  one  radical  difference  between  the  two.  At  Carrel's  hospital 
patients  are  frequently  admitted  within  a  few  hours,  six  to  ten,  of  being 
M'ounded.  If  the  woupded  tissues  are  then  widely  opened,  and  where  neces- 
sary excised,  and  foreign  materials  removed,  there  is  no  gross  infection  to  be 
combated,  it  has  not  had  time  to  establish  itself.  Under  these  circimistances 
instillation  of  Dakin's  fluid  may  be  expected  to  give  early  sterility  in  the 
wounds.  At  our  base  hospitals  the  conditions  are  different  ;  most  of  the 
patients  have  been  wounded  forty-eight  hours  or  more  before  arrival. 

The  best  results  should  be  obtained  at  the  casualty  clearing  stations, 
because  there  cases  are  received  quite  early.  When  moderate  numbers  of 
wounds  are  coming  into  these  stations,  they  can  be  dealt  Avith  on  the 
above  lines,  and  transmitted  to  the  bases  in  ambulance  trains  where  the 
treatment  can  be  continued. 


[Translotion.] 

THE     PREPARATION     OF     DAKIN'S     SOLUTION. 

(Daufresne's  Method.) 

Dakin^s  solution  is  a  solution  of  hj-pochlorite  of  soda  intended  for  surgical  use, 
possessing  the  following  characteristics,  established  after  numerous  trials  and  long 
experience  in  its  use  : — 

1.  Complete  absence  of  caustic  alkali.  The  absolute  necessity  of  using  in 
the  treatment  of  wounds  a  hj-pochlorite  solution  deprived  of  caustic  soda  must 
completely  put  out  of  court  Javelle  waters  (commercial),  Labarraque  liquor,  and  all 
solutions  prepared  by  any  other  process  than  that  about  to  be  described. 

2.  The  concentration  of  hj-pochlorite  of  soda  is  rigorously  restricted  to  between 
0*45  and  0-50  per  cent.  Below  0-45  per  cent  hypochlorite  the  solution  is  not  suffi- 
ciently active  ;   above  0-50  per  cent  it  becomes  irritant. 

Chemical  Products  necessary  for  the  Preparation. — Three  are  indispensable  for 
the  manufacture  of  Dakin's  solution  :  chloride  of  lime,  exsiccated  carbonate  of  soda,* 
and  bicarbonate  of  soda.  Of  these  three  products,  the  last  two  possess  a  practically 
sufficient  constancy  of  composition  ;  but  it  is  not  the  same  with  the  first,  its  content 
of  active  chlorine  (discolouring  chlorine)  var\-ing  between  verj-  wide  limits,  and  it  is 
absolutely  essential  to  titrate  it  before  using. 

Titration  of  Chloride  of  Lime. — To  earrj-  out  the  titration  of  chloride  of  lime, 
it  is  necessarv'  to  procure :  A  burette  of  25  c.e.  graduated  in  tenths  of  a  e.e. ;  a 
graduated  pipette  of  10  c.e. ;  a  decinormal  solution  of  hj-posulphite  of  soda. 

This  decinormal  solution  of  hA-posulphite  can  be  obtained  commercially  ready- 
made  (Poulenc)  ;  or  one  can  prepare  it  oneself  by  dissolving  25  grms.  of  pure  crj'stal- 
lized  hj-posulphite  of  soda  in  1  litre  of  distilled  water,  and  testing  the  solution  by 


*  This  product  can  be  easily  obtained  commercially  under  the  name  of  "  Solvay  Soda  " 
or  "  Solvay  Carbonate  of  Soda."  If  it  is  impossible  to  procure  it,  and  only  crystallized 
carbonate  (crystals)  can  be  obtained,  it  will  be  necessary  (on  account  of  the  water  of  crystal- 
lization) to  use  2-83  times  more  of  the  latter  salt. 
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seeing  that  it  discolours  an  equal  volume  of  a  decinonnal  solution  of  iodine,  the 
latter  obtained  by  dissolving  1*27  grms.  of  iodine  and  5  gnus,  of  iodide  of  potassium 
in  KM)  c.c.  of  water. 

The  material  for  the  operation  being  ready,  prepare  a  mean  sample  of  the  chloride 
of  lime,  which  may  be  done  either  with  a  probe  ad  hoc,  or  by  lifting  from  various 
points  in  the  mass  small  quantities  which  should  be  carefully  mixed  afterwards. 

Weigh  20  grms.  of  this  sample,  mix  it  as  perfectly  as  possible  with  1  litre  of 
ordinary'  water,  and  leave  for  several  hours,  sliaking  it  from  time  to  time. 
Filter.  Measure  exactly,  by  means  of  the  graduated  pipette,  10  c.c.  of  clear 
liquid  ;  add  thereto  20  c.c.  of  a  solution  of  iodide  of  potassium  (1-10)  and  2  c.c.  cf 
acetic  acid  or  hydrochloric  acid.  Let  fall,  drop  by  drop,  into  this  mixture  a  deci- 
normal  solution  of  hyposulphite  of  soda  until  discoloration  is  complete.  The 
number  of  cubic  centimetres  of  the  hyposulphite  solution  necessarj^  to  obtain 
discoloration,  multiplied  by  1-775,  will  give  the  weight  of  active  chlorine  contained 
in  100  grms.  of  chloride  of  lime.  This  figure  being  known,  refer  to  the  following  table, 
which  gives  the  quantities  of  chloride  of  lime,  carbonate  of  soda,  and  bicarbonate. 


Quantities  Required  to  Prepare  10  Litres  op  Darin's  Solution 

Standard  op 

CONTAINING   PROM   0*45  TO  050  PER  CENT  NACLO 

ClILORIDK  OP 

I.IME 

Chloride  of  Lime 

Exs.  Carbonate  of  Soda 

Bicarbonate  of  Soda 

Grms. 

Grms. 

Grms. 

20 

230 

115 

96 

21 

220 

110 

92 

22 

210 

105 

88 

23 

200 

100 

84 

24 

192 

96 

80 

25 

184 

92 

76 

26 

177 

89 

72 

27 

170 

85 

70 

28 

164 

82 

68 

29 

159 

80 

66 

30 

154 

77 

64 

31 

148 

74 

62 

32 

144 

72 

60 

33 

140 

70 

59 

34 

135 

68 

57 

35 

132 

66 

55 

36 

128 

64 

53 

37 

124 

62 

52 

Example. — If  16'6  c.c.  of  decinormal  solution  of  hyposulphite  are  required  to 
obtain  discoloration,  the  titre  (standard)  of  active  chlorine  in  the  chloride  of  lime 
tested  is  16-6  x  1-775  ^  29-7  per  cent.  The  quantities  to  be  used  in  this  case  to 
prepare  10  litres  of  solution  will  be  : — 

Chloride  of  lime  154  grms. 

Kxsic.  carbonate  of  soda       77       „ 
Bicarl)onate  of  soda  64       ,, 

If  there  is  only  crj'stallized  carbonate  of  soda  at  hand,  it  would  be  necessarj-  to  replace 
the  77  grms.  of  exsiccated  carbonate  by  220  grms.  of  the  crystallized  salt. 

Preparation  of  Dakin's  Solution.^ — To  prepare  10  litres  of  the  solution  : — 

1.  Weigh  exactly  the  quantities  of  chloride  of  lime,  carbonate  of  soda,  and  bicar- 
bonate of  soda  which  have  been  arrived  at  in  the  course  of  the  previous  calculation. 

2.  Introduce  into  a  12-litre  flask  the  chloride  of  lime  and  5  litres  of  ordinary 
water,  shake  briskly  for  five  minutes,  and  leave  from  six  to  twelve  hours,  say  for 
one  night. 
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3.  At  the  same  time  dissolve,  cold,  in  another  5  litres  of  water,  the  carbonate 
and  the  bicarbonate  of  soda. 

4.  Pour  out  at  one  operation  the  solution  of  salts  of  soda  into  the  flask  containing 
the  mass  of  chloride  of  lime ;  shake  briskly  for  a  few  moments,  and  then  let  it  rest  to 
allow  the  carbonate  of  lime  which  has  formed  to  deposit  itself.  At  the  end  of  half  an 
hour  s\-phon  off  the  liquid  and  filter  it  through  a  double  paper  in  order  to  obtain 
a  perfectly  limpid  product,  which  should  be  kept  sheltered  from  the  light.  Light, 
indeed,  changes  solutions  of  hj-pochlorite  fairly  rapidly,  and  to  preser\-e  their  effect 
it  is  indispensable  to  keep  them  from  its  action.  The  best  way  is  to  keep  the  finished 
liquid  in  large  black  glass  carboys,  encased  in  wicker. 

Titration  of  Dakin's  Solution.^ — It  is  well  to  verify  from  time  to  time  the 
standard  of  the  solution.  This  operation  requires  the  same  apparatus  and  products 
as  those  for  determining  the  active  chlorine  in  the  chloride  of  lime. 

Measure  out  10  c.c.  of  the  solution,  and  add  thereto  20  c.c.  of  solution  of  iodide 
of  potassium  (1-10)  and  2  c.c.  of  acetic  or  hydrochloric  acid.  Let  fall,  drop  by 
drop,  into  the  mixture,  a  decinormal  solution  of  hj-posulphite  of  soda  until  dis- 
coloration is  complete.  The  number  of  cubic  centimetres  employed,  multiplied  by 
0-03725,  will  give  the  weight  of  hx-pochlorite  of  soda  contained  in  100  c.c.  of  the 
solution.  The  solution  is  of  a  correct  standard  when,  in  the  above  operation,  12  to 
13  c.c.  of  decinormal  hv'posulphite  are  employed  to  obtain  discoloration  : — 

13   X  003725  =  0-485  per  cent  of  XaClO. 

Trial  of  the  Alkalinity  of  Daldn's  Solution. — It  is  easy  to  differentiate  be- 
tween the  solution  obtained  by  this  process  and  the  commercial  hj-pochlorites  and 
Labarraque  liquid.  Pour  into  a  glass  about  20  c.c.  of  the  liquid  to  be  tested,  and 
let  fall  on  the  surface  a  few  centigrammes  of  powdered  phenolphthaleine.  Dakin's 
solution,  correctly  prepared,  gives  absolutely  no  colour,  while  Javelle  water  and 
Labarraque  liquor  give  an  intense  red  colour,  which  indicates  the  presence  of 
free  caustic  soda. 
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THE    TREATMENT    OF    H^flMORRHAGE 
CAUSED   BY   GUNSHOT  WOUNDS   OF   THE   FACE  AND   JAWS. 

By   Major    V.    H.    KAZANJIAN,   Harvard    Surgical    Unit, 
AND    Captain    HAROLD    BURROWS,    R.A.M.C.  (T.F.)* 

Of  the  many  complications  which  arise  in  the  treatment  of  giuishot  wounds 
of  the  face  and  jaws,  secondary  haemorrhage  is  one  of  the  most  serious,  and 
is  a  common  cause  of  fatahty.  This  fact  has  been  emphasized  by  previous 
writers  on  war  surgery,  yet  it  is  usually  disciissed  in  a  general  way,  without 
definite  analysis  of  its  nature,  frequency,  and  allied  complications. 

The  following  remarks  are  compiled  from  the  records  of  400  cases  of 
gunshot  wounds  of  the  face  with  fracture  of  the  jaws  treated  in  the  depart- 
ment of  oral  surgery  at  a  general  hospital  where,  between  the  dates 
of  admission  and  of  evacuation,  sufficient  time  is  given  for  comprehensive 
treatment  and  observation  during  the  different  stages  of  progress. 

Condition  of  Patients  on  Admission  to  Hospital.  —  Though  the 
maxilla;  are  the  parts  most  affected,  it  can  hardly  be  said  that  the  injury  is 
limited  to  these  tissues  alone.  The  missile  is  apt  to  cause  comminution  of 
many  bones  of  the  face,  and  to  lacerate  the  eye,  nose,  ear,  head,  and  sub- 
maxillary and  cervical  regions.  Patients  undergo  a  certain  amoinit  of  mental 
shock,  and  are  weak  through  fatigue,  toxic  absorption  from  the  wounds,  and 
lack  of  sufficient  nourishment,  the  last  being  due  to  inflammation  of  the 
soft  tissues  and  derangement  of  the  organs  of  mastication. 

P'urthermore,  a  considerable  proportion  of  cases  have  reached  the  hospital 
in  a  seriously  ill  condition  because  of  additional  injuries,  such  as  penetrating 
wounds  of  the  head  and  chest,  fracture  of  the  long  bones,  or  multiple 
and  extensive  flesh  wounds.  Others  have  already  contracted  pneumonia 
previously  to  their  admission. 

All  of  these  complicating  circumstances  have  an  influence  on  the  mode 
of  treatment  employed  when  haemorrhage  ensues. 

Frequency  and  Time  of  Haemorrliage. — Of  a  total  of  34  mild  and  serious 
hjcmorrhages  occurring  among  th<?  400  cases  (8'5  per  cent),  16  required 
operative  measures  for  control  under  a  general  anaesthetic,  while  the  remaining 
17  were  successfully  treated  by  packing,  clamping,  or  by  the  use  of  a  local 
anaesthetic  for  ligation  of  the  bleeding  point.  One  case  died  suddenly  from 
ver\'^  profuse  haemorrhage. 

The  majority  of  secondarj'  hamorrhages  took  place  between  the  fourth 
and  twelfth  days  after  injury,  three  between  the  thirteenth  and  nineteenth 


*  VVc  desire  to  express  our  indebtedness  to  our  colleague  Lieutenant  F.  Brigham,  of  the 
Harvard  Surgical  Unit,  for  kind  assistance  in  preparing  this  paper. 


GUNSHOT    WOUNDS    OF    FACE    AND   JAWS     127 

days,  and  only  one  after  this  period,  namely,  on  the  forty-fifth  day  {Fig.  71). 
In  the  last  case  both  superior  maxillfc  and  the  base  of  the  skull  were  fractured 

{Case  21). 
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Fio.  71. — Chart  showing  the  days  of  occurrence  of  secondary  haemorrhage. 

It  is  interesting  to  note  that  most  of  the  secondary  haemorrhages 
appeared  during  the  night  or  early  afternoon  {Fig.  72) ;  that  is  to  say,  during 
the  hours  of  sleep.     This  is  a  curious  fact,  for  it  might  have  been  expected 
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Fig.  ~,i. — Chart  showing  the  hours  at  wliich  secondary  hceniorrhage  took  place. 


that  the  disturbances  of  feeding,  dressing  the  wounds,  taking  impressions,  or 
the  fitting  of  appliances,  would  be  the  causes  of  recurrent  bleeding  from  an 
injured  vessel.     Two  cases  of  haemorrhage  have  occurred  within  a  few  minutes 
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of  the  arrival  of  relatives  at  the  bedside.  Even  if  this  were  mere  coincidence, 
it  serves  as  a  warning  to  minimize  all  likelihood  of  mental  excitement  on  the 
part  of  any  patient  in  whom  bleeding  is  likely  to  occur. 

The  fact  of  the  complication  taking  place  at  night,  when  the  staff  is 
attenuated,  adds  to  the  difficulty  of  treatment.  The  loss  of  blood  may  be 
profuse  enough  to  bring  on  collapse  with  great  swiftness,  as  in  Case  29,  where, 
tho\igh  the  medical  officer  was  in  attendance  almost  at  once,  the  patient  was 
already  in  a  dying  condition. 

Sources  of  HaBmorrhage. — It  is  not  always  possible  to  determine  the 
artery  which  is  responsible.  The  surgeon  is  guided  by  a  comparison  of  the 
anatomical  distribution  of  the  blood-vessels  with  the  extent  and  direction 
of  the  entrance  and  exit  woiuids  and  with  the  injury  caused  to  the  soft 
tissues. 

Injuries  to  the  superior  maxilla  and  other  bones  of  the  upper  half  of  the 
face  are  often  accompanied  by   nasal  bleeding  from   the  deeper  structures, 


Figs.  73,  74. — Photographs  (Cases  14  and  28)  illustrating  the  type  of  case  in  which 
haemorrhage  is  to  be  expected.  Fig.  74  is  a  defective  photograph,  but  it  illustrat«s  the 
appearance    in   question. 


which  arises  probably  from  the  branches  of  the  internal  maxillary  artery. 
Amongst  91  cases  of  fracture  of  the  upper  jaw,  there  were  four  haemorrhages  : 
in  three  of  these  the  bleeding  was  easily  controlled  by  packing,  while  in  the 
remaining  one  it  was  serious  and  persistently  recurrent  {Case  21). 

One  case  of  bleeding  from  the  anterior  palatine  artery  has  arisen,  which 
was  arrested  by  ligation  under  a  local  ana  sthetic.  Haemorrhage  from  the 
main  tnmk  of  the  internal  maxillarj'  artery  is  rarely  or  never  met  with. 

In  7  cases  of  extensive  laceration  of  the  face,  bleeding  from  the  mouth 
has  occurred.  In  all  the  hamorrhage  was  superficial,  with  the  source  of 
bleeding  exposed,  and  it  was  stopped  by  packing,  by  the  application  of 
clamps,  or  by  the  immediate  ligation  of  the  vessel  under  a  local  anasthetic. 
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In  those  cases  where  the  wounds  are  below  or  behind  the  angle  of  the 
lower  jaw  and  involve  the  pharyngeal  cavity  and  the  neck,  it  is  difficult  to 
decide  by  internal  examination  which  side  is  responsible  for  the  bleeding. 
There  were  three  such  cases  of  hamorrhage  from  the  pharynx,  two  of  which 
were  fatal  {Coses  25  and  29). 

Bleeding  which  occurs  as  the  residt  of  extensive  wounds  of  the  molar 
and  bicuspid  section  of  the  lower  jaw,  where  there  is  an  accompanying  injury 
to  the  floor  of  the  mouth,  usually  arises  from  the  lingual  artery  or  its  branches. 
Such  cases  have  been  the  most  common,  and  likewise  the  most  serious,  as  is 
shown  by  the  fact  that  from  a  total  of  34  hamorrhages,  17  came  from  this 
source;  and  of  this  latter  number,  12  required  operative  means  of  control 
under  a  general  antcsthetic. 

Certain  cases  which  presage  ha-morrhage  from  the  lingual  artery  have 
recognizable  characteristics.     The  wounds  of  entrance  and  exit  are  usually 


Figs.    75,   H>. — Photographs   of  extensive   injuries,    ilkistrating   cases   in   which 
serious  haemorrhage  is  not  likely  to  arise. 


small,  and  situated  in  the  vicinity  of  the  posterior  half  of  the  lower  jaw.  The 
tongue  is  perforated,  often  dark  purple  in  colour,  and  swollen  to  twice  or  three 
times  its  normal  size,  so  that  in  spite  of  the  open  position  of  the  mouth,  it 
protrudes  beyond  the  lips.  The  jaw  is  fractured  bilaterally,  and  the  anterior 
segment  shows  a  pronoiuiced  downward  displacement.  Figs.  73  and  74  are 
typical  of  the  appearance  of  a  case  in  which  bleeding  is  to  be  anticipated. 

On  the  other  hand,  large  wounds  anterior  to  the  bicuspid  region  are  un- 
likely to  presuppose  serious  haemorrhage,  since  the  area  affected  is  supplied 
only  by  smaller  branches  of  the  important  arteries. 

Extensive  injuries,  with  destruction  of  the  hard  or  soft  tissues,  but 
which  are  open,  are  less  prone  to  bleed,  because  the  free  drainage  forestalls 
the  spreading  of  sepsis  (Figs.  75,  76).  Even  ^vith  hamorrhage  from  such  a 
wound,  it  is  usually  possible  to  seize  and  ligate  the  vessel  which  is  responsible. 

VOL.  v. — NO     17.  9 


180        THE    BRITISH    JOURNAL    OF    SURGERY 

Those  jjcrforatinu  wounds  of  tlie  neck  Avhieh  involve  tlie  i)harynx  are 
serious,  in  that  irrijfation  and  the  estabHshnient  ol"  drainage  luay  be  dillieult, 
and  the  patient  finds  it  an  effort  to  breathe,  to  elear  tlie  throat,  or  to  take 
nourishment,  even  with  tubes. 

TREATMENT. 

This  will  be  diseussed  under  the  headino;s  of  (1)  Preventive  treatment  ; 
(2)  Immediate  treatment ;    (3)  Operative  treatment. 

1.  Preventive  Treatment — Assuming  that  the  recognized  causes  of 
haemorrhage  are — direct  injury  to  the  vessels,  the  spreading  of  sepsis  due  to 
the  absence  of  free  drainage,  the  presence  of  foreign  bodies  and  splinters  of 
bone,  and  mobility  of  the  bony  parts  :  then  active  measures  should  be  taken 
to  combat  them.  To  overcome  the  imcleanliness  caused  by  inflammation, 
suppuration,  food  deposits,  and  excessive  salivation,  the  teeth  and  all  mucous 
surfaces  of  the  oral  cavity  are  swabbed  with  cotton  pledgets  saturated  with 


Figs.   77,  78. — ^Bartcn  bandage. 

tincture  of  iodine,  followed  by  hydrogen  peroxide  ;  and  then  such  solutions 
as  potassiimi  permanganate,  boric  acid,  or  listerine,  are  used  to  irrigate  all 
parts  of  the  mouth. 

The  removal  of  detached  fragments  of  bone  and  affected  teeth  or  roots 
is  an  essential  factor  in  the  control  of  sepsis.  Infiltrative  or  conductive  local 
ana-sthesia  about  the  oral  cavity,  with  2  per  cent  solution  of  novocain,  may 
be  employed  through  all  stages  of  treatment ;  especially  during  the  early 
days,  when  the  consequences  of  general  anasthesia  are  to  be  avoided.  The 
patient  is  more  comfortable,  and  fed  or  dressed  with  less  inconvenience,  if  he 
is  kept  in  a  semi-sitting  position  in  bed.  In  the  event  of  bronchitis  or  an 
irritating  cough  which  tends  to  submit  the  muscles  of  the  throat  and  face  to 
undue  exertion,  immediate  medical  attention  should  be  given.     Liquid  food 
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is  administered  through  an  oesophageal  or  a  nasal  tube ;  and  if  a  pharyngeal 
injury  prohibits  this  measure,  rectal  feeding  is  indicated. 

In  spite  of  the  illness  of  the  man,  the  jaw  should  have  some  sort  of  tem- 
poraTy  support.  This  point  is  especially  important,  as  it  has  been  observed 
that  the  cases  most  prone  to  bleeding  are  accompanied  by  fractures  of 
extensive  displacement  and  mobility,  with  consequent  enlargement  of  the 
woimd  and  irritation  to  soft  tissues. 

The  following  are  some  of  the  simpler  methods  for  securing  comparative 
immobility  of  the  jaw : — 

The  Barton  bandage  (Figft.  77  and  78)  is  an  effective  support  when 
properly  used.  It  is  put  on  as  follows  :  Starting  a  little  to  one  side  of  the 
occipital  region,  the  bandage  is  passed  upward  and  forward  across  the  head; 
it  is  then  continued  downward  in  front  of  the  opj)osite  ear,  imder  the  point 
of  the  chin,  up  the  opposite  side  of  the  face,  and  diagonally  to  the  back  of  the 
neck.  Thence  it  passes  around  the  neck  below  the  ears,  and  across  the  chin 
to  its  starting  jwint.     .\fter  a  part  of  the  bandage  has  been  put  on  in  this 


Figs.  79,  80. — Angle's  bands. 


way,  the  horizontal  turn  which  covers  the  chin  may  be  modified  to  include 
wounds  of  the  lips,  nose,  eyes,  or  forehead. 

Angle's  bands  {Figs.  79  and  80),  as  manufactured  for  immediate  use  in 
cases  of  fractures  of  the  jaw,  can  be  fastened  to  selected  teeth  for  attachment 
of  temporan*'  wire  or  silk  ligatures.  The  displacement  may  be  reduced  by 
approximating  the  fragments  laterally,  or  by  anchorage  to  the  upper  jaw. 

In  other  cases,  brass  wires  (No.  25  American  gauge)  may  be  attached 
to  the  necks  of  opposing  teeth  and  then  twisted  together  ;  by  leaving  the 
ends  uncut  and  emerging  from  the  lips  for  four  or  fi^e  inches,  the  surgeon  or 
attending  nurse  can  untwist  the  wires  to  feed  the  patient  or  to  clean  the  mouth 
(Fig.  81).  The  same  end  may  be  accomplished  by  twisting  brass  wires  on 
to  the  teeth,  with  the  ends  cut  short  and  turned  over  so  as  to  form  hooks 
between  which  small  elastic  bands  are  used  to  bring  fragments  of  the  jaw  into 
approximate  position  {Fig.  82), 
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In  any  instance,  if  the  lacilitiis  arc  at  liand,  dental  splints  or  aj)plianccs 
should  be  used  at  as  early  a  time  as  the  j)atient\s  condition  will  permit. 

In    adjusting   any   splint,    either   temporary  or   permanent,    the   former 
occlusion  of  the  teeth  must  serve  as  a  guide,  and  any  force  applied  must 

tend  to  reproduce  this  condition.  The 
teeth  existing  on  either  side  of  the 
fracture  serve  as  an  anchorage,  or 
if  absent  on  one  side,  then  the 
'^  teeth  of  both  upper  and  lower  jaws 
are  utilized. 


Fig.  81. — Jaws  fixed  by  temporary  wires,  with 
ends  of  wires  emerging  from  the  mouth. 


Fig.  82. 


-Jaws  fixed  by  brass  wires  and  rubber 
bands. 


2.  Immediate  Treatment. — The  seepage  of  arterial  blood,  which  in 
most  cases  precedes  a  serious  hicmorrhage,  is  almost  the  only  anticipatory 
indication  of  value.  Bearing  this  fact  in  mind,  it  is  important  that  the  surgeon 
should  give  the  patient  a  careful  examination  immediately  on  admission,  to 
determine  the  precise  nature  of  the  wound.  Indeed,  the  exact  area  from 
which  bleeding  might  be  expected  should  be  considered  beforehand. 

In  the  event  of  an  emergency,  the  tray  used  in  the  ward  for  dressings  may 
be  depleted  at  the  moment  when  it  is  most  wanted,  and  therefore  a  separate 
one  should  always  be  kept  in  readiness,  with  swabs,  ribbon  gauze,  artery 
clamps,  sinus  forceps,  dental  mouth-mirrors,  a  head-mirror,  adrenalin  chloride, 
hydrogen  peroxide,  etc. 

As  soon  as  the  hamorrhage  appears,  the  attending  nurse  should  send  for 
the  medical  oflicer,  and  while  awaiting  his  arrival,  should  syringe  the  patient's 
mouth  with  hydrogen  peroxide,  and  attempt  to  control  the  bleeding  with 
digital  pressure.  The  patient  should  be  kept  sitting  in  bed  against  a  back- 
rest, to  facilitate  the  work,  to  reduce  the  blood-pressure  in  the  head,  and  to 
prevent  the  flow  of  irrigating  solutions  and  blood  into  the  throat.  The  use  of 
hydrogen  peroxide  gives  a  clean  field  of  operation  in  the  shortest  time,  and 
acts  to  a  slight  degree  as  a  haemostatic.     Following  this,  the  area  is  swabbed 
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Fig.  83. — Lingual  artery  damp. 


rapidly,  and  that  part  from  which  blood  issues  is  packed  tightly  with  gauze 

soaked  in  adrenalin  chloride. 

As  an  adjunct  to  packing,  a  specially  devised  clamp  will  be  found  useful. 

This  consists  of  a  heavy  piece  of  wire  from  eight  to  ten  inches  long,  bent  to  a 

U  shape,  with  a  'finger'  or  pad  of  dental  modelling  composition  or  vulcanite 

rubber  on  each  end  {Fig.  83).     The  clamp  is  adapted  by  bending  it  so  that 

one  end  presses  over  the  packing, 

while  the  other  presses  externally 

at    a    corresponding    point     under 

the   chin   between  the  hyoid   bone 

and    the    lingual    aspect      of    the 

mandible   {Fig.  84).     Ligatures   or 

elastic   bands    about   the   arms   of 

the    clamp    will   give    the    desired 

amount  of  jiressure.     A  clamp   of 

similar    pattern,    but    of    reduced 

dimensions,   serves    for   the    arrest 

of    hemorrhage    from    the    facial 

artery,  exactly  as  one  would  pinch 

it   with  the  thumb  on  the  cheek   and   the  forefinger  inside  the   mouth. 
It  must  be  remembered  that  even  though  the  act  of  packing  may  not  be 

the  final  means  of  stopping  the  hamorrhage,  nevertheless  it  must  be  carried 

out  to  control  it  for  the  moment,  and  to  minimize  the  chances  of  recurrence 

before  ligation  is  effected, 

3.    Operative    Treatment. — .Suppose    a   case   of    recurrent   or   secondary 

ha-morrhagc  following  a  gunshot  wound  of  the  lower  jaw  ;   a  case  in  which 

on  account  of  its  volume  or  frequent 
recurrence,  the  bleeding  requires  for 
its  permanent  arrest  more  conclusive 
measures  than  the  fixation  of  the  jaws 
and  the  packing  of  the  wound  ;  and  let 
us  discuss  the  operative  treatment. 

Three  courses  are  open  for  con- 
sideration, namely:  (1)  Ligation  of  the 
responsible  vessel  at  the  bleeding  jjoint : 
(2)  Ligation  of  the  vessel  at  some  spot 
proximal  to  the  bleeding  point  ;  (3)  IJga- 
tion  of  the  external  carotid  artery. 

Ligation  of  the  common  carotid 
artcrs'  is  not  included  in  the  measure  for 
cogent  reasons.  Although  to  secure  the 
external  carotid,  with  the  patient  in  a 
desperate   condition  from  loss  of   blood, 

is  a  difficult  and  perhaps  protracted  operation,  and  although  there  may  arise 

in  consequence  a  temptation  to  forgo  the  attempt  and  to  tie  the  commoii 

carotid   instead,   because  of  the  speed   and    ease    with    which   this    may   be 

accomplished,    nevertheless   this  expedient  has   been  condemned  entirely  by 

experience.     In  the  first  place,  we  are  often   in   doubt  as  to  which   side  the 


Fig.  84. — Patient  with  luigua 
applied. 


aiteiy  camp 
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bleeding  artery  belongs.  In  the  presence  of  sueh  nncertainty,  ligation  of  the 
common  carotid  is  open  to  grave  and  obvions  criticism.  As  a  primary 
method  of  arresting  haemorrhage  from  the  tongne  or  its  neighbourhood, 
occlusion  of  this  vessel  is  likely  to  fail  in  achieving  success,  owing  to  the 
abundant  supply  of  blood  in  the  external  carotid  through  the  collateral 
channels,  including  the  circle  of  Willis.  Moreover,  the  percentage  of  cases 
in  which  graA  e  cerebral  disorder  has  followed  primary  ligation  of  the  common 
carotid  is  so  high  as  to  render  the  operation  unjustifiable,  except  as  an 
ultimate  effort,  when  other  means  have  failed.  Probably  the  anamia  and 
shock  which  exist  at  the  time  of  operation  are  largely  responsible  for  the 
bad  results.  On  four  occasions  we  have  been  driven  to  tie  the  common 
carotid.  Three  of  the  patients  died,  and  the  one  who  recovered  suffered 
from  hemiplegia  with  aphasia  {Case  23),  a  history  which  needs  no  further 
comment. 

We  will  proceed  to  deal  with  the  three  legitimate  operations  which  we 
have  defined  already,  and  will  endeavour  to  separate  the  groups  of  cases  to 
which  each  one  has  special  application. 

1.  Ligation  at  the  Bleeding  Point. — The  first  proposal  is  to  find  and 
secure  the  bleeding  pointy  for  this  is  a  ride  of  surgical  practice  established  by 
the  wisdom  of  our  forefathers,  and  perpetuated  by  our  own  experience  of  its 
merit.  This,  which  may  be  regarded  as  the  ideal  course,  is  available  in  certain 
cases,  most  of  which  are  of  lesser  severity. 

The  following  are  the  four  varieties  of  cases  in  which  an  endeavour  to 
secure  the  bleeding  point  is  the  correct  practice. 

a.  Those  in  ivhich  the  Bleeding  is  External. — Here  the  blood  is  not  effused 
into  the  mouth,  and  the  injured  vessel  may  be  soiight  for  without  any  invasion 
of  the  buccal  cavity.  Injuries  of  the  facial  artery,  or  one  of  its  branches,  sub- 
mental or  coronary,  provide  most  of  the  examples. 

h.  Intrahuccal  Hemorrhage  of  Small  Volume. — In  these  cases  the  bleeding 
is  not  sufficiently  profuse  to  obscure  the  field  of  operation,  or  cause  much  harm 
to  the  patient  if  allowed  to  continue  during  a  brief  local  investigation.  Such 
a  ha-morrhage  may  come  from  an  artery  of  the  frenum,  one  of  the  palatine 
arteries,  or  some  other  small  branch  of  the  lingual,  facial,  or  internal  maxillary. 

c.  Copious  Haemorrhage  from  the  Free  Portion  of  the  Tongue. — This  arises 
from  the  ranine  artery,  and  the  bleeding  is  often  alarmnig  owing  to  the 
abimdant  flow.  Temporary  arrest,  however,  may  be  effected  readily  by 
placing  a  pad  of  gauze  under  the  tongue,  and  pressing  the  tongue  on  the 
pad  by  means  of  a  finger  held  firmly  on  the  dorsiim.  The  artery  is  easily 
accessible  from  the  mouth  for  purposes  of  ligation. 

(I.  Profuse  Intrabuccal  H (vmorrhage  from  the  Floor  of  the  Mouth  when  the 
Face  is  opened  sufficiently  to  allow  a  good  vieiv  of  the  Deep  Tissues  at  the  Base  of 
the  Tongue. — These  cases  are  not  common.  The  bleeding  point  can  be  looked 
for  directly,  because  of  the  open  nature  of  the  wound.  Another  favourable 
feature  is  that  the  effused  blood  flows  freely  from  the  buccal  cavity  owing  to 
the  wide  extent  of  the  injury,  and  so  does  not  cause  the  special  difficulties 
which  arise  from  the  presence  of  a  continual  well  of  blood  in  the  mouth. 

One  occasional  source  of  difficulty  in  all  these  emergencies  lies  in  the 
cessation  of  the  hamorrhage  during  operation  ;    a  contingency  that  is  to  be 
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expected  if  local  anaesthesia  be  used,  but  which  sometimes  takes  place  also 
with  general  anasthesia.  Even  nibbing  the  woimd  with  gauze,  and  other 
local  stimulation,  may  fail  to  reproduce  the  bleeding,  with  the  result  that  the 
offending  vessel  cannot  be  located.  Acciu'ate  observation  of  the  >vound  while 
l)leeding  is  still  in  progress  may  do  something  to  mitigate  this  annoyance,  but 
e\"cn  careful  preliminary  in\estigation  will  not  enable  us  always  to  avoid 
failure  from  this  obstacle.  The  only  remedy  left  is  to  examiric  the  woimd  for 
any  adherent  clot,  and  by  tracing  it  gently  and  minutely,  endeavour  to  find 
the  vessel  from  which  it  has  originated. 


Fig.  85.- 


-Radioaram  showing  numerous  fragments  of  shell,  testh,  and  bone  scattered 
through  the  tissues. 


2.  Ligation  of  the  Bleeding  Artery  at  a  point  Proximal  to  the 
Injury. — In  cases  where  ligation  of  the  bleeding  point  is  impracticable — and 
in  the  majority  of  profuse  intrabiiccal  ha-morrhages  from  the  floor  of  the 
mouth  such  a  course  is  impracticable- — we  have  to  adopt  other  tactics.  Our 
first  plan  is  to  secure  the  injured  arteiy  at  some  point  proximal  to  the  seat  of 
trauma.  Here  again,  however,  certain  difficulties  arise,  the  first  of  which  is 
to  recognize  Mhich  arter>'  is  responsible.     We  ha\e  to  consider  eight  possible 
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sources,  four  on  each  side — namely,  the  lin«>tial.  inferior  dental,  facial,  and 
lastly,  the  external  carotid  itself,  with  its  tonsillar,  pharyngeal,  and  other 
branches.  In  some  cases,  especially  where  the  entrance  and  exit  wounds  are 
small,  we  cannot  definitely  exclude  any  of  these,  either  by  anatomical  study 
of  the  wound  or  by  other  means  :  for  example,  a  throuoh-and-through  wound 
about  the  angles  of  the  lower  jaw.  And  even  here,  when  some  of  the  sources 
mentioned  can  be  almost  or  quite  excluded,  we  still  are  faced  with  sulficient 
doubt  in  trying  to  form  an  opniion  as  to  the  degree  of  res})onsibility  resting 
on  the  remainder.  Only  too  often  we  arc  quite  unable  to  discover  with  cer- 
tainty even  from  which  side  the  haemorrhage  comes.  Attempts  to  settle 
this    seemingly    simple    question    by    arresting    bleeding    momentarily    with 

pressure  exerted  alternately  on  the  right 
and  left  carotids  in  the  base  of  the  neck, 
have  failed. 

Anatomical  considerations  founded 
upon  the  situation  of  the  wounds  and 
the  track  of  the  main  projectile  are  often 
vitiated  by  the  fact  that  a  bullet  or  frag- 
ment of  shell,  passing  through  the  jaw- 
bone or  striking  the  teeth,  converts  pieces 
of  these  tissues  into  secondary  projectiles, 
which  scatter  and  so  cause  damage  to 
structures  lying  away  from  the  main  path 
{Figs.  85,  815). 

Another  complication  which  adds  to 
the  confusion  is  the  occasional  presence 
of  simultaneous  damage  to  two  or  more 
arteries.  This  association  of  injuries  is 
not  unconmion.  The  two  lingual  arteries 
are  not  far  apart  in  the  root  of  the 
tongue,  and  frequently  participate  in  a 
common  injury. 
Hroadly  speaking,  we  may  say  that  {a)  Bleeding  from  the  floor  of  the 
mouth  comes  from  one  or  both  lingual  arteries  or  their  branches  ;  (b)  Bleed- 
ing from  between  the  fragments  of  a  broken  lower  jaw  arises  from  the  inferior 
dental ;  (c)  Bleeding  from  the  cheek  or  lip  has  its  origin  in  a  branch  of  the 
facial ;  and  lastly,  (fl)  Bleeding  from  the  pharyngeal  and  tonsillar  regions 
will  call  for  ligation  of  the  external  carotid  artery. 

If  the  lower  jaw  were  intact,  and  the  soft  tissues  in  their  normal  relation- 
ship, this  approximate  localization  would  not  be  such  a  very  hard  matter. 
But  in  the  cases  under  discussion  the  lower  jaw  is  fractured — often  in  more 
than  one  place—  and  comminuted,  while  the  tongue  and  other  soft  tissues 
may  be  nuich  swollen  by  infiltration  with  effused  blood  and  the  prodliets  of 


Fkj.   80. 


-Photograph  of  same  patient  as 
in  Fig.   85.* 


*  In  this  case  the  right  Ungual  and  left  external  carotid  were  hgated  in  order  to  avoid  haemor- 
rhage, although  none  had  occurred  previously  to  the  operation.  It  is  the  only  instance  in  which  we 
have  employed  prophylactic  ligature.  The  result  justified  the  measure,  for  bleeding  was  to  be 
anticipated,  and  the  patient  was  so  ill.  that  had  ojjeration  l)een  postponed  until  the  ha*morrhage 
came  about,  there  could  have  been  little  or  no  hope  of  saving  his  life. 
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inflammation.  Moreover,  as  often  happens  in  wounds  of  other  parts  of  the 
body,  the  hole  through  which  blood  escapes  may  be  remote  from  the  point 
of  vascular  injury,  to  which  it  is  then  a  false  guide. 

Again,  a  case  which  at  one  time  appears  simple  may  prove  a  dilemma. 
For  example,  the  mandible  is  fractured  at  the  bicuspid  region,  and  blood  is 
escaping  from  the  cleft  between  the  cheek  and  the  alveolus.  Is  the  facial  or 
the  inferior  dental  to  blame  ? 

However,  these  difficulties  in  locating  the  source  of  bleeding  must  not  be 
exaggerated.  They  are  considerable,  but  they  do  not  rob  anatomical  estimates 
of  all  their  value. 

At  first  sight  there  might  seem  to  be  an  easy  way  of  avoiding  all 
difficulties  by  ligation  of  the  external  carotid  arter\-,  because  this  would 
block  the  supply  of  all  arteries  of  the  same  side  Avhich  could  be  concerned  with 
the  trouble.  After  we  had  suffered  some  preliminank'  failures,  and  had  njct 
with  cases  in  which  bleeding  recurred  after  ligation  of  the  arter\'  which  we 
had  thought  to  be  the  one  concerned,  we  adopted  this  course  of  ligating 
the  external  carotid  ;  but  before  long  we  had  reason  to  revert  to  the  former 
practice.  We  learned  that  ligation  of  the  external  carotid  in  these  cases  was 
attended  by  considerable  difficulty  and  danger.  We  learned  also  that  profuse 
recurrent  haemorrhage  from  the  floor  of  the  mouth  nearly  always  arose  from 
one  or  both  lingual  arteries  or  their  branches.  Consequently,  our  procedure 
in  all  copious  haemorrhages  from  this  latter  area,  occurring  in  connection  with 
gunshot  wounds  of  the  lower  jaw,  is  to  ligate  one  or  both  lingual  arteries, 
provided  the  anatomical  conditions  are  compatible  with  a  wound  of  these 
vessels. 

To  assume  that  the  lingual  is  the  source,  and  to  act  on  this  assumption, 
may  seem  at  first  thought  to  be  unsoimd  :  and  probably  most  surgeons  would 
feel  inclined  to  hesitate  before  basing  an  operation  upon  such  a  guess-work 
diagnosis.  However,  improved  results  and  a  lowered  mortality  have  convinced 
us  that  this  practice  is  more  than  justified,  and  that  it  is  indeed  the  right  and 
proper  method  to  adopt.  Even  when  subsequent  events  prove  that  we  have 
tied  the  wrong  vessel,  and  another  loss  of  blood  points  to  the  inferior  dental 
as  the  source,  probably  we  shall  have  avoided  placing  the  patient's  life  in 
jeopardy ;  for  bleeding  from  the  latter  artery,  although  it  may  be  alarming, 
is  not  so  copious  as  from  the  lingual,  and  is  more  easily  controlled  by  packing 
while  arrangements  are  being  made  to  place  a  final  cheek  by  a  further 
operation.     The  following  table  shows  the  comparative  results  : — 


XrilBER 

OF  Cases 


ARTERY   I.IGATED  ^„^.,\^  DEATHS  MORTALITY 


External  carotid    . .  10  5  50  per  cent 

Lingual         ..  ..  6  1  166      „ 

We  have  discussed  the  difficulties  connected  with  this  matter  at  some 
length,  because  the  discussion  maps  out  the  road  along  which  we  have 
travelled  ourselves,  and  therefore  may  be  of  assistance  to  others  who  journey 
in  the  same  direction. 


138        THE    BRITISH    .TOUENAL    OF    SURGERY 

3.  Ligation  of  the  External  Carotid  Artekv. — Tliis  is  the  final 
resort,  and  for  more  than  one  reason  mnst  be  placed  last  on  the  list  of 
available  niethod>i. 

Experienee  has  shown  that  lioation  of  the  external  carotid  does  not 
always  finally  dispose  of  the  danger  of  bleeding.  For,  whether  due  to  direct 
injury  of  a  vessel  of  the  opposite  side,  or  to  the  collateral  circulation  which  is 
so  free  in  these  parts,  the  fact  remains  that  in  a  fair  proportion  of  cases 
bleeding  has  recurred  after  ligation  of  the  external  carotid  {Cases  2,  23,  28). 
Moreover,  as  will  be  seen  later,  ligation  of  this  vessel  in  the  ])resence  of  a 
compound  fracture  of  the  lower  jaw  due  to  a  gunshot  wound  is  formidable 
and  dangerous. 

OPERATIVE     TECHNIQUE. 

1.  Haemorrhage  from  the  Inferior  Dental  Artery. — Analogy  with  the 
consequences  of  {'raetiires  of  otlier  bones  would  lead  us  not  to  expect  recurrent 
haemorrhage  from  the  inferior  dental  artery  after  fracture  of  the  lower  jaw. 
However,  we  have  had  one  case  in  which  such  an  event  certainly  took  place, 
and  in  which  the  bleeding  Avas  suificiently  persistent  and  profuse  to  endanger 
the  patient's  life  {Case  9).  This  illustrates  the  great  difficulty  there  may  be 
in  recognizing  the  source  of  a  haniorrhage.  The  lower  jaw  was  fractured, 
and  there  was  a  gap  in  the  alveolar  margin  through  which  the  blood  was 
escaping.  We  considered  the  possibility  that  this  might  come  from  the 
inferior  dental,  while,  judging  from  the  track  of  the  wound,  it  might  equally 
well  come  from  the  lingual  or  facial.  The  entry  wound  in  the  face  was  healed, 
and  consequently,  had  the  facial  artery  been  responsible,  the  blood  would 
have  escaped  through  the  buccal  woimd.  At  first  we  favoured  the  facial 
artery  rather  than  the  lingual,  because  the  blood  seemed  to  come  from  the 
outer  side  of  the  gap  in  the  jaw,  rather  than  the  inner  side.  The  recurrence 
of  bleeding  after  ligation  of  the  facial  led  us  next  to  tie  the  lingual,  for  the 
volume  of  escaping  blood  was,  as  we  thought,  too  large  to  originate  from 
the  inferior  dental.  And  it  was  not  until  we  had  secured  both  the  facial 
and  the  lingual,  that  we  realized  the  actual  source  of  the  bleeding.  It  is 
probable,  in  view  of  the  repeated  recurrence  of  bleeding  in  this  case,  that 
the  inferior  dental  had  not  been  completely  severed  in  the  wound.  This  we 
could  not  ascertain,  for  in  dividing  the  callus  we  divided  the  artery  also. 

Access  may  be  obtained  to  the  inferior  dental  artery  by  trephining  the 
lower  jaw-bone  in  the  same  manner  as  described  in  text-books  for  exposure 
and  division  of  the  inferior  dental  nerve.  But  we  have  not  had  occasion 
hitherto  for  adopting  this  manner  of  approach. 

2.  Ligation  of  the  Lingual  Artery. — The  lingual  artery  arises  from 
the  external  carotid  near  the  hinder  end  of  the  great  cornu  of  the  hyoid  bone. 
The  first  part  is  not  overlapped  by  muscle  other  than  the  ])latysma,  and 
extends  from  the  point  of  origin  of  the  vessel  to  the  place  where  it  passes 
under  the  digastric  and  stylohyoid  muscles.  The  second  portion  is  covered 
by  the  digastric  and  stylohyoid,  and  further  forward  by  the  hyoglossus.  Both 
the  first  and  second  portions  rest  immediately  upon  the  middle  constrictor 
of  the  pharynx.  The  third  portion  passes  up  between  the  hyoglossus  and 
the  genioglossus,  and  ujjon  reaching  the  free  part  of  the  tongue  is  continued 
on  its  under  surface  to  the  tip  as  the  ranine  artery. 
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Note  must  be  made  of  the  fact  that  the  third  part  of  the  lingual  artery 
is  rather  close  to  its  fellow  of  the  opposite  side,  from  which  it  is  separated 
only  by  the  two  flattened  masses  of  the  genioglossiis  muscles,  an  approxima- 
tion which  explains  the  frequent  concurrence  of  injuries  to  both  . Unguals  in 
this  region. 

From  the  second  portion  arise  one  or  more  dorsal  lingual  arteries,  which 
supply  the  dorsum  and  back  part  of  the  tongue  and  epiglottis.  The  third 
portion,  that  is  to  say  the  part  lying  in  the  floor  of  the  mouth  between  the 
anterior  border  of  the  hyoglossus  and  the  commencement  of  the  ranine  arten^^ 
is  the  source  of  most  of  the  severe  hamorrhages  with  which  we  have  to  deal. 
In  this  situation  the  arter}'  lies  too  deeply  to  be  approached  by  operation 
from  the  neck  ;  and  we  have  mentioned  already  how  diflicult  and  unpractical 
it  is  to  attempt  to  find  the  bleeding  point  itself  in  the  floor  of  the  mouth.  The 
suggestion  has  been  made  that  the  vessel  could  be  secured  by  passing  a  curved 
needle,  threaded  with  ligature,  deeply  into  the  floor  of  the  mouth,  so  as  to 
include  the  third  part  of  the  lingual  together  with  a  substantial  amoimt  of 
the  musculature  of  the  tongue.  Apart  from  the  obvious  objections  to  such 
massive  ligation  in  a  septic  wound  of  the  mouth,  the  plan  is  not  likely  to 
succeed  in  securing  the  artery,  for  anatomical  reasons ;  the  artery,  its  direc- 
tion being  upward  and  forward,  is  likely  to  elude  the  embrace  of  the  ligature, 
unless  a  bulk  of  muscle  be  included  which  would  be  altogether  inadmissible. 
Therefore  we  may  dismiss  as  not  feasible  all  operative  attempts  to  arrest 
hamorrhage  by  securing  the  third  part  of  the  lingual  artery,  by  approaching 
it  cither  from  the  neck  or  through  the  mouth.  The  ranine  artery,  as  we  have 
demonstrated  already,  may  be  caught  without  difficulty  from  the  mouth 
(Co.se  10).  Ligation  of  the  first  and  second  parts  respectively,  therefore, 
remains  to  be  considered. 

The  incisions  required  for  these  two  operations  are  different,  and  our 
own  judgement  as  to  whether  we  shall  ligate  the  first  or  second  part  will  be 
determined  in  many  instances  by  the  position  of  the  external  wounds.  For 
we  shall  endeavour  to  place  the  operation  wound  as  remote  as  possible  from 
the  gunshot  wound,  in  the  hope  of  thereby  obtaining  clean  healing  of  the 
former.  An  additional  factor  comes  into  play.  The  dorsalis  lingua-  arteries 
arise  from  the  second  part,  and  if  the  tongue  is  wounded  far  back,  we  shall 
wish  to  be  certain  of  securing  these  vessels,  in  which  case  we  shall  select  the 
first  part  for  the  application  of  the  ligature. 

a.  Ligation  of  the  Fir.st  Fart  of  the  Lingual. — With  the  patient  supine,  his 
face  inclined  to  the  opposite  side,  and  the  neck  extended  over  a  sand-bag,  an 
incision  is  made  along  the  anterior  border  of  the  sternomastoid,  the  centre  of 
the  incision  being  opposite  the  great  cornu  of  the  hyoid  bone.  The  sterno- 
mastoid having  been  exposed,  the  deep  cervical  fascia  is  divided  parallel  with 
its  anterior  border.  The  carotid  triangle  is  thus  uncovered.  Within  this 
triangle  are  the  external  carotid  artery  and  its  branches.  They  are  concealed, 
however,  by  areolar  tissue,  lymphatics,  and  certain  veins,  of  which  the  common 
facial  and  the  lingual,  with  their  tributaries,  chiefly  concern  us.  There  may 
be  a  temptation  to  try  to  expose  the  lingual  artery  by  retraction  of  these 
veins.  Unless,  however,  the  exposure  is  quite  easily  accomplished  in  this 
way,  it  is  better  to  divide  and  tie  any  veins  that  obscure  our  view.     Time 
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ought  not  to  be  wasted  in  attempting  to  preserve  any  vein  which  Hes  in  the 
way  of  a  clear  and  unembarrassed  held.  The  external  carotid  artery  is  now 
exposed,  with  the  superior  thyroid,  lingual,  and  facial  arteries  successively 
arising  from  its  anterior  wall  a  short  distance  above  the  bifurcation. 
The  landmarks  that  must  now  be  identified  clearly  are:  (1)  The  posterior 
end  of  the  greater  cornu  of  the  hyoid  bone ;  (2)  The  posterior  belly  of  the 
digastric,  with  the  stylohyoid  muscle;  (3)  The  hypoglossal  nerve.  All  these 
are  rapidly  recognized  {Fig.  87).  The  lingual  artery  is  then  traced  upward 
and  forward  to  where   it   passes  deeply  to  the   hyoglossus,   stylohyoid,   and 

digastric  muscles.  Two  liga- 
tures are  applied  at  this  point, 
and  the  artery  is  divided  be- 
tween them.  The  reason  for 
j/  tying  the  artery  so  far  forward 
I  is  to  allow  a  suflieiently  long 
stump  between  the  proximal 
ligature  and  the  external  carotid 
artery. 

b.  Ligation  of  the  Second 
Part  of  the  Lingual.  —  The 
patient  is  arranged  on  the 
table  in  the  same  posture  as 
for  ligation  of  the  first  part. 
A  curved  incision  is  made, 
commencing  half  an  inch  below 
the  mental  tubercle,  passing 
downward  and  backward  to  the 
hyoid  bone  or  the  upper  bor- 
der of  the  thyroid  cartilage — 
according  to  the  amount  of 
displacement  of  the  jaw — and 
then  upward  and  backward  to 
the  sternomastoid  muscle.  The 
flap  thus  formed  is  turned  up, 
and  the  deep  fascia  is  divided 
in  the  line  of  the  original  incision.  The  submaxillary  gland  is  retracted 
upward  so  as  to  expose  the  floor  of  the  submaxillary  triangle,  and  tlie 
following  landmarks  are  identified  :  (1)  The  anterior  and  posterior  bellies  of 
the  digastric,  with  their  intervening  tendon  ;  and  (2)  The  hypoglossal  nerve, 
lying  on  the  hyoglossus  muscle,  and  crossing  the  angular  space  between  the 
two  bellies  of  the  digastric  to  pass  under  the  mylohyoid  muscle  {Fig.  87). 
The  hyoglossus  is  then  cut  through  midway  between  the  hypoglossal  nerve 
and  the  greater  cornu  of  the  hyoid  bone,  the  line  of  incision  Vjeing  parallel 
to  the  latter  structure.  This  will  expose  the  lingual  artery,  which  is  then 
tied  in  two  places,  and  cut  through  between  the  ligatures. 

Spkcial  Difficulties. — The  displacement  of  the  broken  jaw  and  the 
swelling  of  the  neighbouring  structures  lessens  the  freedom  and  ease  of 
exposing  the  lingual  artery  in  many  cases,  nor  is  one  helped  very  much  by 


Fig.  87. — Diagram  showing  anatomy  of  the  h'ngual 
artery.  The  submaxillary  gland  has  been  drawn  over 
the  side  of  the  jaw  with  a  hook.  (1)  External  carotid 
artery;  (2)  Jugular  vein;  (3)  Lingual  artery  (shown 
also  in  window  in  hyoglossus) ;  (4)  Submental  branch 
of  facial  artery;  (5)  Hypoglossal  nerve;  M.  dig. 
Anterior  belly  of  digastric  muscle  ;  M.  styl.  Stylo- 
hyoid muscle  ;  M.  myho.  Mylohyoid  muscle  ;  M.  hyogl. 
Hyoglossus  muscle ;  P.  dig.  Posterior  belly  of  digastric 
muscle. 
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attempting  to  raise  the  lower  jaw  {Fig.'i.  88,  89,  73,  74).  In  particular,  the  sub- 
maxillan^'  salivar\"  gland  and  the  h^nphatic  glands  in  the  submaxillary  triangle 
are  apt  to  form  a  solid,  unyielding  mass  whieh  lies  in  the  way  of  a  good  view 
of  the  lingual  artery.  In  some  such  cases  retraction  of  these  structures  is 
unavailing,  and  it  will  then  be  found  of  great  assistance  to  resect  them :  a 
mancruvre  which  does  not  materially  lengthen  the  operation,  while  it  greatly 


Fig.  88. — Drawing  from  dissection  of  a  case  of  bilateral  fracture  of  the  mandible  due 
to  gunshot  wound.  The  illustration  shows  the  dropping  of  the  anterior  portion  of  the 
mandible,  and  the  manner  in  which  the  glands  overlap  the  submaxillary  triangle  and 
render  it  difficult  to  expose  the  second  part  of  the  lingual  artery.  (A)  External  carotid; 
(B)  Hypoglossal  nerve ;.  (C)  Facial  arterj-  and  veins ;  (D)  Submaxillary  salivarj'  gland ; 
(e)  Internal  carotid;  (F)  Posterior  belly  of  digastric  muscle;  (G)  Anterior  belly  of 
digastric;    (H)  Clot  protruding  from  the  exit  wound  in  tongue. 


facilitates  exposure  of  the  lingual  arter\'  in  the  second  portion.  We  have 
had  to  carry  out  this  detail  in  two  instances  {Cases  7,  9). 

Another  trouble  is  the  depth  at  which  the  artery  lies.  This  can  be 
countered  by  the  assistant,  who,  with  his  hand  placed  on  the  other  side  of 
the  patient's  neck,  presses  the  hyoid  bone  up  into  the  wound. 

On  one  occasion  {Case  7),  the  second  portion  of  the  lingual  artery  could 
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not  be  seen  after  the  hyojrlossus  had  Ikhmi  divided.  The  first  portion  was 
therefore  sought,  and  it  was  fonnd  that  the  Ungual  arose  from  the  external 
carotid  at  a  hij^her  level  than  usual,  forming  a  common  trunk  with  the  facial. 
In  this  position  it  was  easily  identified  and  secured. 

3.  Ligation  of  tlie  External  Carotid. — The  incision  and  subsequent 
stages  of  this  ojieration  up  to  the  ]:ioint  of  exposure  of  the  vessel,  resemble 
those  of  the  ligation  of  the  lingual  in  its  first  portion,  as  already  described. 
The  spot  usually  chosen  for  the  ligature  is  between  the  places  of  origin  of  the 


Fig.  89. — Anterior  view  of  the  dist-ection  shown  in  Fig.  88.  Shows  the  characteri.stic 
jaw-drop  which  follows  bilateral  fracture  of  the  mandible.  (A)  Entry  wound  a.s  seen  from 
inner  surface  of  reflected  flap;  (B)  Facial  artery  completely  divided  in  wound  without  cau.sing 
.secondary   hspmoirhage ;    (C)  Left  facial  vessels;    (D)  Submaxillary  gland;  (E)  Omohyoid. 


superior  thyroid  and  lingual.  But  it  may  be  well  to  tie  the  artery  at  a  higher 
level  than  this — the  lingual  being  tied  off  separately — in  order  to  provide 
a  longer  stump  between  the  ligature  and  the  common  carotid  artery.  The 
object  of  this  is  to  avoid  the  protrusion  of  clot  into  the  blood-stream  of  the 
common  carotid,  with  the  subsequent  dangers  of  cerebral  embolism.  We 
had  such  a  catastrophy  in  one  instance  {Case  30). 

General  Dangek.s  and  X)iffic"ulttks, — There  are  certain  drawbacks  and 
difficulties  in  these  operations  for  ligation  of  the  lingual  and  external  carotid 
arteries  :    and  they  deserve  special  comment. 
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Sepsis.— In  the  first  place  attention  must  be  called  to  the  fact  that  the 
operation  wound  is  likely  to  become  infected  in  a  number  of  instances,  owing 
to  the  proximity  of  the  gunshot  wound,  together  with  the  difficulty  of  keeping 
the  operation  woimd  dry  during  the  ensuing  days  because  of  the  continual 
dribbling  of  saliva  in  its  neighbourhood.  This  consideration  will  lead  us  to 
make  an  incision,  if  we  have  any  choice  in  the  matter,  as  far  away  as  possible 
from  any  pre-existing  wound  ;  and  it  may  be  the  chief  factor  in  determining 
whether  to  tie  the  first  or  the  second  part  of  the  lingual. 

Further,  the  possibility  of  sepsis  ensuing  renders  necessary  the  applica- 
tion of  two  ligatures  to  the  vessel  concerned,  Avhich  is  then  divided  between 
them ;  otherwise,  in  a  septic  wound  ulceration  may  set  in,  with  a  repetition  of 
bleeding  at  the  site  of  the  ligature.  Division  of  the  arter\'  between  two 
ligatures  permits  retraction  of  the  two  ends,  and  forestalls  this  danger. 
We  have  had  two  examples  (Cases  23,  25)  in  which  secondary  hjcmorrhage 
occurred  from  the  external  carotid  after  the  application  of  a  single  ligature, 
the  artery  having  been  left  imdivided. 

J'enous  Hnmorrhoge. — The  chief  difficulty  in  exposing  the  arter}'  to  be 
tied  is  due  to  the  nimierous  large  veins  which  intervene.  Time  will  be  saved 
and  no  harm  done  by  the  division  of  such  as  obscure  our  view.  The 
common  facial  is  the  largest  of  them.  The  hindrance  caused  by  these  veins 
will  be  diminished  if  a  free  air-way  is  provided  for  the  patient's  respiration — a 
matter  which  will  be  discussed  imder  the  heading  of  '* General  Anaesthesia" — 
or  if  local  an;esthesia  be  used. 

All  veins  which  are  divided  should  be  secured  effectively  before  the 
wound  is  sewn  up,  because,  in  the  absence  of  this  precaution,  there  may  be 
post-operative  venous  bleeding  into  the  tissues  of  the  neck,  especially  if  the 
jjatient  vomits.  An  additional  precaution  against  this  will  be  to  remove  the 
sand-bags  from  beneath  the  patient's  neck,  so  as  to  relax  tension  and  allow 
any  unsecured  veins  to  bleed  before  the  wound  is  closed  up.  Fear  of  sepsis 
need  not  prevent  us  from  suturing  the  deep  fascia  except  where  room  must  be 
left  for  drainage. 

Displacement  of  Anatomical  Relations. — There  may  be  some  disturbance  of 
the  normal  relationship  of  the  soft  structures  in  the  operation  area  through 
swelling  from  haemorrhage  or  inflammation  due  to  sepsis.  But  the  chief  dis- 
placement is  the  dropping  of  the  jaw  (see  Figs.  73,  74,  88,  89).  The  elevators 
of  the  lower  jaw  are  attached  to  the  hinder  portion  of  that  structure,  while 
the  depressors  are  attached  to  the  anterior  portion.  Consequently,  in  a  double 
fracture  of  the  mandible,  which  is  not  uncommon  in  these  cases  requiring 
operation  for  the  arrest  of  haemorrhage,  the  anterior  portion  of  the  jaw  is 
pulled  downward  and  backward.  This  dropping  is  not  only  a  source  of 
trouble  to  the  anasthetist  (as  will  be  mentioned  again  later),  but  is  also  a 
great  inconvenience  to  the  surgeon.  The  displaced  jaw  cannot  be  raised 
completely  into  its  proper  place  by  pressure  applied  to  the  chin  or  by  traction 
on  the  incisor  teeth,  and  the  field  of  operation  is  therefore  encroached  upon. 
The  necessity  for  excising  the  submaxillary  gland  when  seeking  to  tie  the 
second  part  of  the  lingual  artery  is  chiefly  due  to  this  cause.  And  Avhether 
the  external  carotid  or  the  lingual  is  to  be  ligated,  one  is  apt  to  think  at  first 
that  these  vessels  originate  at  a  higher  level  than  is  actually  the  truth,  and  to 
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imagine  that  there  is  an  abnormally  hi^h  bifurcation  of  the  common  carotid — 
an  error  that  is  perceived  as  soon  as  the  relati\e  positions  of  the  bifurcation 
and  the  tii)])er  border  of  the  thyroid  cartilage  are  examined  {Figs.  88,  89). 

Miscellaneous  Draubachs. — Probably  it  is  well  to  avoid  cutting  into  the 
lower  portion  of  the  parotid  gland,  though  we  have  not  observed  any  case  in 
which  this  act  has  caused  trouble  through  the  escape  of  jiarotid  secretion. 

We  have  known  a  case  in  which  the  external  carotid  was  wounded  in  the 
attempt  to  pass  an  aneurysm  needle  around  it,  with  the  consequence  that 
the  surgeon  was  forced  to  ligate  the  common  carotid.  We  have  also  had  a 
case  in  which  the  pharynx  was  perforated  during  an  operation  for  ligation 
of  the  external  carotid.  Both  the  external  carotid  and  the  lingual  arteries 
lie  immediately  upon  the  middle  constrictor  of  the  pharynx,  and  the  latter 
is  quite  a  thin  structure.  Consequently  the  danger  of  causing  a  pharyngeal 
fistula  is  not  negligible. 

We  have  referred  already  to  cerebral  embolism  following  ligation  of  the 
external  carotid  {Case  30),  and  also  to  the  possibility  of  secondary  hfcmorrhage 
from  the  latter  due  to  ulceration  of  its  wall  at  the  site  of  the  ligature  when 
the  vessel  has  been  ligated  in  continuity  {Cases  23,  25). 

Recurrence  of  Hcemorrhage  from  the  Gunshot  Wound. — This  distressing 
sequel  may  be  attributed  to  one  of  three  causes  :  (1)  \Ve  may  have  tied  the 
wrong  artery  {Cases  2,  9,  23) ;  (2)  More  than  one  artery  may  have  been 
injured  originally.  The  two  lingual  arteries  come  fairly  close  together  in  the 
mouth,  and  we  have  found  both  to  be  injured  in  more  than  one  instance 
{Cases  14,  28,  30),  and  have  suspected  the  coincidence  in  others  ;  (3)  The 
recurrence  may  be  due  to  collateral  circulation,  in  which  case  it  is  unlikely 
to  be  severe,  and  probably  will  be  amenable  to  such  simple  measures  as 
clamping  or  packing. 

Shock. — Especial  care  must  be  taken  to  provide  against  shock.  Owing 
to  the  severity  of  the  original  wound,  loss  of  blood,  and  sometimes  to  con- 
comitant injuries,  these  patients  are  liable  to  suffer  severely  and  readily  from 
shock.  In  a  case  where  both  linguals  were  tied,  the  patient  died  four  hours 
later  from  this  cause  {Case  26).  We  have  had  other  cases  in  which,  although 
the  patients  did  not  die,  the  post-operation  shock  was  considerable. 

A  word  of  warning  is  necessary  with  regard  to  the  administration  of 
morphia  to  patients  who  are  suffering  from  the  immediate  results  of  copious 
ha-morrhagc.  This  drug  has  an  exaggerated  effect  on  patients  in  this  con- 
dition, and  if  any  is  given,  it  must  be  in  smaller  doses  than  those  used  for 
full-blooded  persons.  W'e  have  thought  that  the  administration  of  morphia 
has  another  drawback,  in  that  it  seems  to  favour  the  development  of 
bronchopneumonia— possibly  by  lessening  the  activity  of  the  laryngeal  reflex. 

Bronchopneumania. — One  of  the  most  serious  complications  of  gunshot 
wounds  of  the  jaw  is  septic  bronchopneumonia.  And  the  evidence  is  suffici- 
ently clear  that  a  frequent  cause  is  the  inhalation  of  septic  material  during 
anasthesia.  We  believe  also,  as  already  mentioned,  that  morphia  plays  a 
similar  part  to  chloroform  or  ethe?  in  this  respect.  Much  of  the  danger 
of  causing  bronchopneumonia  is  avoided  by  employing  local  anaesthesia 
whenever  possible. 
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General  AnaBSthesia. — The  main  precautions  to  be  observed  are  two  : 
(1)  The  avoidance  of  inhalation  of  septic  material  from  the  mouth  into 
the  respiratory  passages  ;  and  (2)  The  provision  of  a  perfectly  free  air-way 
for  the  patient,  so  that  there  will  be  no  violent  efforts  to  breathe,  and  no 
unnecessary  engorgement  of  the  veins  of  the  neck  to  increase  the  length  and 
difficulty  of  the  operation. 

To  obtain  the  former  end,  the  patient's  moiith  should  be  thoroughly 
cleaned  and  irrigated  with  antiseptic  solution  immediately  prior  to  the 
administration.  One  hour  before  the  operation,  a  himdredth  of  a  grain  of 
atropine  is  given  hypodermically,  to  lessen  the  flow  of  saliva. 

Ana-sthesia  is  induced  in  the  ordinar\'  way  until  the  patient  is  uncon- 
scious. The  administration  is  then  continued  through  two  rubber  tubes 
passed  through  the  nostrils 
into  the  pharynx.  The  mouth 
is  now  thoroughly  packed 
with  gauze.  By  this  means 
a  free  air- way  is  ensured, 
while  the  inhalation  of  blood 
and  other  material  from  the 
mouth  is  prevented  {Fig.  90). 
Sometimes  it  may  happen 
that  the  nostrils  are  too  small 
to  admit  tubes  of  a  sufiiciently 
large  size  :  one  may  then  use 
an  artificial  air-way  inserted 
into  the  phar\'nx  through  the 
mouth,  which  is  then  packed 
off  with  gauze  around  it. 

During  the  preliminary 
stages  of  anasthesia,  the 
patient,  supposing  him  to 
have  a  double  fracture,  may 
be  unable  to  breathe  freely 
unless  the  head  and  shoulders 

are  supported.  This  difliculty  will  not  grow  less  as  the  depth  of  the  anaes- 
thesia increases,  and  unless  the  cause  and  its  remedy  are  known,  ver^-  serious 
trouble  may  arise  from  impeded  respiration.  The  cause  is  the  displacement 
of  the  tongue  and  the  anterior  portion  of  the  jaw  ;  and  the  point  to  be 
realized  is,  that  the  tongue  must  be  pulled  forward  and  the  jaw  also.  If  the 
jaw  only,  or  the  tongue  only,  be  pulled  forward,  there  may  be  no  relief :  the 
traction  must  be  on  both.  Failing  immediate  relief  from  this  measure,  the 
patient's  head  and  shoulders  must  be  well  raised,  when  he  will  usually  re- 
commence to  breathe.  If  not,  tracheotomy  should  be  performed  without 
delav. 

MORTALITY. 

Of  the  34  patients  who  had  haemorrhage,  7  died.  This  mortality  is  high. 
At  first  sight  it  may  seem  unduly  high  ;  but  it  must  be  remembered  that,  apart 
from  the  incident  of  bleeding,  these  patients  were   all   suffering  from  grave 


Fig.   90. — Showing    the    administration   of    an  anaes- 
thetic through  nasal  tvibes. 
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wounds,  with  other  compHcations  su}XTadded  to  the  vascuhir  injuries.  In 
more  than  one  instance  the  patient  ah-eady  was  in  a  desperate  pHght  from 
loss  of  blood  by  the  time  that  active  measures  for  hjcmostasis  could  be  set 
on  foot.  Case  20  died  from  sudden  and  profuse  hirmorrhage  before  assistance 
could  be  sununoned.  He  had  a  wound  penetrating  the  pharynx  and  tongue, 
and  coinniinuting  the  lower  jaw.  and  at  the  post-mortem  examination  the  left 
external  carotid  and  right  lingual  arteries  were  found  both  to  have  been 
wounded.  The  fatal  htrmorrhage,  we  thought,  had  come  from  the  former 
vessel.  In  Case  26,  the  patient  died  from  shock  within  a  few  hours  after 
hgation  of  both  lingual  arteries. 

In  the  five  remaining  cases  which  ended  fatally,  operations  had  been 
performed  for  ligation  of  the  external  carotid  artery.  Of  these.  Case  8  died 
from  recurrence  of  bleeding  from  the  floor  of  the  mouth.  Case  30  from  cerebral 
embolism,  while  Case  25  had  secondary  h;emorrhage  from  the  external  carotid 
at  the  site  of  ligature,  and  succumbed  to  shock  after  a  second  operation  for 
ligation  of  the  common  carotid.  In  Cases  14  and  28,  operations  to  secure, 
the  external  carotid  were  not  persevered  with,  and  the  common  carotid  was 
tied.  Both  of  these  jmtients  died  :  one  from  shock,  and  the  other  from  acute 
cerebral  disorder. 


PARTICULARS     OF     CASES. 

Case  1. — Pie.  G.  C.  T.,  wounded  Sept.  15,  1916.  Entrj'  wound  in  region 
of  left  angle  of  mandible.  Foreign  body  lying  in  right  submaxillary  region.  Lower 
jaw  comminuted  at  left  angle.     Tongue  greatly  swollen  and  perforated  at  root. 

Sept.  20. — Operation  to  remove  foreign  body.  Sept.  24. — Haemorrhage  from 
left  side  of  floor  of  mouth ;  stopped  by  packing.  Sept.  2.5. — Another  hjemorrhage ; 
left  external  carotid  ligated.     Good  recovery. 

Case  2. — rCorpl.  J.  L.,  wounded  June  19,  1916.  Entry  wound  in  right  cheek 
at  upper  border  of  mandible  in  molar  region.  Exit  woimd  in  corresponding  position 
in  left  cheek.  Bilateral  fracture  of  mandible  in  both  molar  regions,  with  much 
displacement  of  anterior  fragment. 

June  30. — Haemorrhage  from  right  floor  of  mouth ;  arrested  by  packing,  followed 
by  operation  for  ligation  of  right  external  carotid.  July  3. — Hicmorrhage  recurred  : 
controlled  by  packing.    Calcium  lactate  given.    No  further  bleeding.    Good  recovery. 

Case  3. — Pte.  H.  E.,  wounded  July  1,  1916.  Entrj^  wound  in  left  cheek  at  lower 
bicuspid  reiiion.     Exit  wound  at  right  lower  bicuspid  region. 

.July  10. — Haemorrhage  from  facial  (?)  artery ;  wound  packed,  and  special  clamp 
applied.  July  11. — Slight  haemorrhage  from  left  facial  (?)  arterj- ;  wound  packed. 
No  recurrence,  and  good  recovery  (the  source  of  bleeding  was  uncertain,  probably 
branches  of  the  facial). 

Case  4. — Pte.  G.  B.,  wounded  Sept.  14,  1916.  Entr>'  wound  in  right  lower  molar 
region,  and  exit  wound  below  and  behind  left  ear.  Fracture  of  mandible  in  right 
lower  molar  region.     Perforation  of  tongue. 

Sept.  21. — Haemorrhage  from  the  tongue  ;    wound  packed.     No  recurrence. 

Case  5. — Pte.  A.  D.,  wounded  by  rifle  bullet  July  12,  1916.  Entry  wound  in 
right  upper  lip.     No  wound  of  exit. 

July  16. — Haemorrhage  from  pharynx,  with  persistent  coughing  and  difliculty  in 
swallowing.  July  17. — Operation;  tracheotomy;  jacket  of  bullet  found  lying  against 
right  thyroid  cartilage.  Rectal  feeding  for  following  two  days.  No  recurrence  of 
haemorrhage.     Good   recovery. 
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Ceise  6. — Pte.  T.  S.,  wounded  June  31,  1916.  Extensive  wound  of  lower  lip. 
No  exit  wound.  Xo  foreign  body  retained.  Lower  jaw  eonuninuted  from  right 
to  left  bicuspid  regions. 

July  16. — Two  slight  hsemoirhages  from  right  side  of  mouth ;  wound  packed  and 
clamp  applied.     Xo  recurrence. 

Case  7. — Pte.  L.  E.  M.,  wounded  Oct.  7,  1916.  Entrj-  wound  over  angle  of 
right  lower  jaw.  Exit  in  left  lower  cuspid  region.  Comminution  extending  from 
left  molar  to  right  cuspid  region. 

Oct.  16.— Severe  haemorrhage  from  right  side  of  floor  of  mouth;  right  external 
carotid  tied.     Uneventful  recoverj*. 

Case  8. — Pte.  \.  W.,  wounded  July  5,  1916.  .Admitted  to  hospital  July  11, 
suffering  from  bronchopneumonia.  Patient  had  previously  undergone  flush  amputa- 
tion of  right  arm.  Severe  wound  of  face.  Entrj-  at  right  upper  lip.  Fragment 
of  shell  lodged  just  behind  right  angle  of  mandible.  Fracture  of  right  upper  and 
lower  jaws. 

July  11. — Haemorrhage  from  the  mouth.  July  17. — .Anaesthesia  given  and  foreign 
body  removed  ;  external  carotid  ligated  as  a  precautionary-  measure  ;  tracheotomy 
performed.  July  19. — .Another  slight  haemorrhage.  July  22. — Haemorrhage  ;  clamp 
applied.     Patient  died. 

Case  9. — Rfmn.  J.  Q.,  wounded  by  rifle  bullet  Oct.  22,  1916.  Entr\-  wound 
in  cheek  just  above  lower  right  bicuspid  region.  Fracture  of  mandible  at  right 
bicuspid  region. 

Xov.  1. — Haemorrhage  from  right  side  of  mouth,  which  was  packed.  Xov.  9. — 
Haemorrhage  packed,  and  clamp  applied.  Xov.  10. — Slight  haemorrhage.  Xov.  19. — 
Haemorrhage:  right  facial  arterj-  ligated  under  novocain.  Xov.  21. — Haemorrhage; 
right  lingual  arterj-  ligated  under  general  anesthetic.  Dec.  5. — Haemorrhage ;  jaw 
divided  at  site  of  fracture  by  cutting  through  callus ;  inferior  dental  arterj- 
■occluded.     Xo  further  bleeding,  and  uneventful  recoverj-. 

Case  10. — Pte,  J,  W,,  wounded  by  fragment  of  shell  Oct.  22,  1916 .  Entr>-. 
large  and  lacerated,  in  right  lower  first  molar  region.  Comminuted  fracture  of 
mandible  from  right  molar  to  left  cuspid  region.  Laceration  of  lip,  tongue,  and 
sublingual  tissues. 

Oct.  30. — Haemorrhage  from  right  ranine  arter\- ;  bleeding  vessel  clamped  and 
ligated  without  anaesthetic.     Recovery-  without  further  haemorrhage. 

Case  11. — Sapper  L.,  wounded  Oct.  7,  1916.  Wound  of  entr>'  in  right  upper 
lip.  Large  piece  of  shell  embedded  in  right  cheek.  .Alveolar  process  of  upper  jaw 
fractured  from  right  cuspid  to  left  molar  region. 

■  Oct.  16. — Hjemorrhage  from  right  facial  artery,  which  ceased  as  soon  as 
foreign  body  was  removed.  Oct.  19. — Second  haemorrhage  from  left  anterior 
palatine  arterj-  ;    vessel  ligated  under  novocain.     Xo  recurrence  of  haemorrhage. 

Case  12. — .A.B.  M.  M..  wounded  Xov.  13.  1916.  Entr>-  in  right  lower 
molar  region.  Foreign  body  lodged  in  right  side  of  tongue.  Fracture  of  mandible 
in  right  bicuspid  region. 

Xov.  19. — Haemorrhage  into  the  mouth.  Xov.  20. — Right  lingual  arter\-  ligated. 
Recovery-  without  further  hjemorrhage. 

Case  13. — Sergt.  D.  H.  P..  wounded  July  2,  1916.  Entr>-  below  right  lower 
lip.  Exit  below  angle  of  right  mandible.  Comminuted  fracture  posterior  to  right 
lower  cuspid. 

July  17. — Haemorrhage  from  anterior  portion  of  exit  wound ;  operation  to  tie 
submental  branch  of  facial  arter\-.     Xo  recurrence. 

Case  14. — Pte.  H.  C,  woimded  July  1,  1916.  Entr\-  in  right  cheek  at  lower 
second  molar  region.  Foreign  body  lying  behind  angle  of  left  lower  jaw.  Bilateral 
fracture  of  mandible.     Extensive  laceration  of  base  of  tongue  (see  Fig.  73). 
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July  7. — Foreifjn  body  removed.  July  8.  -  Hanmorrhafje  oecurred.  which  was 
packed  ;  a  second  hjcniorrhajje  later  in  the  day.  July  13, — Profuse  bleedinjj  recurred  ; 
an  operation  to  tie  the  external  carotid  was  not  feasible,  and  the  connnon  caroti<l 
was  ligated.  Patient  died  from  shock  a  few  hours  later.  Post-mortem  disclosed 
bronchopneumonia  in  both  lungs. 

Case  15.— Pte.  A.  S.,  wounded  Sept.  80,  1916.  Entry  wound  in  left  cheek 
at  region  of  first  molar.  Large  exit  wound  at  angle  of  right  lower  jaw.  Bilateral 
fracture  of  mandible. 

Oct.  9. — Hannorrhage  from  branch  of  right  facial  ;  vessel  secured  in  the 
wound.     No  recurrence. 

Cfise  16. — Pte.  R.  J.  L.,  wounded  Sept.  1.3,  1916.  Entry  wound  below  centre 
of  lower  lip.  Exit  wound  in  back  of  right  neck,  at  level  of  6th  cervical  spine. 
Paralysis  of  right  arm,  due  to  injury  of  anterior  primary  division  of  the  5th  cervical 
nerve. 

Sept.  20.^ — Haemorrhage  from  inferior  region  ;  treated  by  packing.     Xo  recurrence. 

Case  17.— Pte.  F.  J.,  .wounded  Sept.  14,  1916.  Entry'  wound  one  inch  below 
left  ear.     Exit  below  first  right  lower  molar.     Perforation  of  tongue. 

Sept.  21, — Slight  hnemorrhage  from  tongue;  controlled  by  packing.  No 
recurrence. 

Case  18. — Sergt.  W.  I.,  wounded  July  1,  1916.  Entry  wound  below  right  corner 
of  mouth.  Exit  just  behind  left  angle  of  mandible.  Bilateral  fracture  in  right 
cuspid  and  left  third  molar  regions. 

July  20. — Haemorrhage,  probably  from  left  inferior  dental  at  site  of  fracture ; 
controlled  by  repeated  packings.     No  recurrence. 

Case  19. — Pte.  S.  D.,  wounded  July  1,  1916.  Extensive  superficial  wound  of 
right  side  of  face  and  mouth,  with  comminuted  fracture  of  mandible  in  right  bicuspid 
region. 

July  13.—  Haemorrhage  from  external  wound ;  artery  exposed  in  wound  under 
local  anaesthesia,  and  ligated.     No  recurrence. 

Case  20. — Pte.  R.  ('.,  wounded  April  26, 
1916.  Entry  wound  right  side  of  face  over 
zygoma.  Exit  in  lower  bicuspid  region.  Right 
upper  jaw  fractured. 

May  4. — Haemorrhage  from  nose  ;  packed. 
No  recurrence. 

Case  21. — Pte.  A.  W..  wounded  Sept.  27, 
1915.  Small  wound  of  entrance  above  left  angle 
of  mouth.  No  exit  wound.  Fractures  of  left 
malar  bone,  nasal  bones,  both  sui)erior  maxillae, 
and  the  lower  jaw  (in  three  places),  also  prob- 
ably base  of  skull  (Fig  91). 

Nov.  12.-  Hjcmorrhage  from  nose  and  into 
nasopharynx;  nostrils  packed.  Numerous  recur- 
rences from  Dec.  2  to  Dec.  16.  Evacuated  to 
l\ngland  at  patient's  own  recpiest  before  we  were 
certain  that  the  recurrence  of  bleeding  was  no 
longer  possible. 


Fig.  91.— Case   21. 


Case  22."  Pte.  II.  L.,  wounded  Oct.  12,  1915.  Entry  wound  at  left  corner 
of  mouth.  Exit  in  right  lower  molar  region.  Comminution  of  mandible  from  one 
molar  region  to  the  other.     I>,aceration  and  swelling  of  tongue  {Fig  92). 

Oct.  20.— Haemorrhage  from  floor  of  mouth  ;  right  external  carotid  tied. 
Good  recovery. 
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Case  23. — Pte.  F.  D.,  wounded  March  15,  1916.  Entr\-  wound  left  comer  of 
mouth.     Exit  at  angle  of  right  mandible.     Perforation  of  tongue. 

>Iarch  22. — Haemorrhage  from  root  of  tongue ;    left  external  carotid  tied,  which 
did  not   stop  the  bleeding  :    repeated  packing,  and  application  of  clamp,   cheeked 
haemorrhage.     April  9. — Secondary-  haemorrhage  from  left  external  carotid  at  place 
of  ligature  ;   common  carotid  and  internal  caro- 
tid ligated.     Operation  followed  by  hemiplegia. 

Case  24.. — Pte.  J.  W.,  wounded  July  3. 
1916.  Entrj-  wound  one  inch  to  right  of  nose. 
Exit  wound  in  front  of  lobe  of  left  ear.  Hard 
palate  perforated. 

July  8. — Bleeding  from  nose ;  nostrils 
packed.     No  recurrence. 

Case  25. — Pte.  P.  L.,  wounded  Sept.  15, 
1916.  Entr>-  wound  over  angle  of  right  lower 
jaw.  Exit  just  below  angle  of  left  lower  jaw. 
Right  mandible  fractured  at  angle.  Pharj-nx 
perforated. 

Sept.  19. — Haemorrhage,  source  of  bleeding 
uncertain ;  wound  too  far  back  to  be  packed  : 
rectal  feeding  employed.  Sept.  25. — Haemor- 
rhage; right  external  carotid  ligated.  Oct.  4.— 
Secondary-  haemorrhage  from  external  carotid 
at  site  of  ligature  ;  common  carotid  tied.  Left 
hemiplegia  developed,  and  patient  died  two 
days  later. 

Case  26.— Pte.  G.  G.,  wounded  July  13, 
1916.  Entr>-  wound  in  left  bicuspid  region. 
Exit  in  right  cheek,  exposing  alveolar  processes 
of  upper  and  lower  jaw.  Right  side  of  man- 
dible destroyed  in  bicuspid  and  molar  region,  and  comminuted  fracture  present  in 
left  bicuspid  region. 

July  19. — Haemorrhage:  both  lingual  arteries  tied  in  the  floor  of  the  mouth; 
the  external  wound  was  sufficiently  extensive  to  permit  this.  Patient  died  of  shock 
a  few  hours  later. 

Case  27. — Capt.  W.  H.  S.,  wounded  Sept.  15,  1916.  Projectile  entered  left 
scapular  region,  emerged  from  left  neck,  and  struck  the  lower  margin  of  the 
mandible  on  the  left  side  one  inch  in  front  of  the  angle,  causing  an  extensive  wound 
of  the  lower  face  from  the  point  of  entr\-  to  the  middle  of  the  lower  lip.  Lower  jaw 
completely  destroyed  from  left  molar  region  to  right  bicuspid  region.  Much  lacera- 
tion of  the  sublingual  tissues. 

Sept.  28. — Haemorrhage  from  sublingual  region;  packed.  Several  recurrences 
occurred,  which  were  successfully  treated  by  packing. 

Case  28. — Co.  Sergt.-Major  H.  B.,  wounded  July  29,  1916.  Entrj-  wound  in 
left  face  at  angle  of  mandible.  Large  wound  of  exit  in  corresponding  region  of  right 
side.  Bilateral  fracture  of  lower  jaw  at  both  angles.  Tongue  lacerated  and  swollen 
(see  Fig.  74). 

Aug.  7. — Haemorrhage  from  left  side  of  mouth ;  operation  for  its  control ; 
ligation  of  common  carotid  necessarj'  ;  no  direct  cerebral  complications.  Aug.  8. — 
Haemorrhage  from  mouth ;  right  external  carotid  ligated.  Patient  died  after  a  few 
hours. 

Case  29. — C'apt.  E.,  wounded  Nov.  13,  1916.  Entr\-  wound  in  left  mastoid 
region.  Large  exit  wound  extending  from  right  corner  of  mouth  along  lower 
border  of  right  mandible.     Laceration  and  swelling  of  tongue. 

Nov.  21. — Severe  haemorrhage  occurred,  and  patient  died  almost  immediately. 


Fiu.  92.— Case  22. 
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Case  30.— Pte.  L.  D.,  wounded  Oct.  14.  1916.  Entry  wound  at  middle  of 
chin.  Frajinient  of  sliell  lodjjed  subcutaneously  in  left  side  of  neck  over  sterno- 
mastoid.  A  frajrment  of  bone  formed  a  secondary  projectile,  which  penetrated 
deeply  into  the  floor  of  the  mouth.     Fracture  of  mandible  at  symphysis. 

Oct.  23. — Ha'morrhase  from  floor  of  mouth.  Oct.  25. — Right  external  carotid 
tied.  Oct.  27. — Left  hemij)le<i;ia  developed  suddenly,  with  dilatation  of  left  pupil 
and  laryngeal  paralysis.     Oct.  30. — Patient  died. 

Post-mortem  Examination. — Embolism  of  right  middle  cerebral  arterj-,  with 
softening  of  brain,  most  marked  in  right  internal  capsule.  The  stump  of  the 
external  carotid  was  filled  with  firm  clot,  which,  however,  extended  down  into  the 

common  carotid.  There  was  a  fragment  of  bone 
lodged  against  and  displacing  backward  both 
lingual  arteries,  which  were  partially  torn  across. 
]MuIti])le  foci  of  suppuration  were  present  [^in 
both  lungs  (inhalation  pneumonia). 

Case  31. — Pte.  H.  L.  M.,  wounded  Aug.  5, 
1916.  One  large  lacerated  wound  of  lower  lip, 
chin,  and  sublingual  regions,  with  comminuted 
fracture  extending  from  one  molar  region  to  the 
other  (Fig  93). 

Aug.  16.  —  Haemorrhage ;  lingual  artery 
ligated  directly  at  bleeding  point.  No  recur- 
rence. 

Case  32. — Lance-Corpl.  J.  L.,  wounded  Oct. 
23,  1916.  Entry  wound  at  edge  of  left  upper 
lip.  I.«arge  exit  below  and  behind  right  angle 
of  mandible,  exposing  the  external  carotid  artery. 
Right  lower  jaw  fractured  at  the  angle. 

Nov.  4. — Severe  haemorrhage  from  right 
facial  artery  at  a  point  half  an  inch  from  its 
origin  from  the  external  carotid  ;  vessel  ligated 
at  bleeding  point  ;  right  lingual  also  ligated. 
No  further  haemorrhage. 

Case  33. — Pte,  W.  M.  G.,  wounded  Oct.  13,  1916.  Entry  wound  in  left  lower 
molar  region.  F^xit  at  left  corner  of  mouth,  where  there  was  extensive  laceration. 
Comminution  of  left  lower  jaw  from  molar  to  cuspid  region. 

Oct.  18.— Haemorrhage  from  branch  of  left  facial  artery ;   treated  by  packing. 


Fig.  93.— C'aoe  31. 
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A    REPORT    ON    ORAL    AND    PLASTIC    SURGERY 
AND    ON    PROSTHETIC    APPLIANCES. 

By  >L\jor  a.  C.  VALADIER,  C.M.G.,   RJV.M.C.(T.H.C.), 
AND    Captain  H.  LAWSOX   WHALE,    RA.M.C.(T.) 

MAJOB   VALADIER'S   REPORT. 

Recent  medical  literature  has  contained  many  monographs  on  the  treatment 
of  fractured  jaws.  Some  of  these  are  remarkable  for  their  length  rather  than 
for  their  addition  to  our  knowledge  of  the  subject.  Others  are  richer  in  scientific 
interest,  but  as  contributions  to  war  surgery  their  technical  value  is  discounted 
by  the  point  of  view  adopted  by  the  authors,  for  they  seem  to  approach  the 
subject  as  if  they  were  dealing  with  fractures  as  they  occur  in  civil  practice. 
This  attitude  not  only  fails  to  help  those  who  may  wish  to  study  the  subject, 
but  may  mislead  them  ;  for  the  treatment  of  jaws  fractured  in  war  is  very 
different  from  that  of  injuries  received  in  peace-time  ;  and  only  those  who 
have  handled  a  large  number  of  cases  can  give  reliable  guidance. 

In  July,  1916,  an  English  medical  journal  published  an  article  wherein  the 
author  stated  that  "  The  great  nimiber  of  jaws  fractured  in  this  war  could  be 
so  treated  that  the  patients  should  be  back  in  the  firing  line  in  five  or  six 
weeks."  I  can  come  to  but  one  conclusion,  which  the  photograjjhs  here  pub- 
lished corroborate — namely,  that  the  writer  has  no  experience  of  what  we  in 
France  call  serious  fractures  of  the  jaws  due  to  gunshot  wounds.  For  over 
two  years  I  have  given  imremitting  attention  to  facial  injuries  and  fractured 
jaws,  and  have  obtained  in  the  majority  of  cases  more  than  good  results  ;  but 
in  citing  some  of  these,  and  giving  reasons  for  the  various  measures  adopted, 
I  will  not  attempt  to  formulate  laws.  For  extended  experience  in  this  kind 
of  work  has  shown  that  each  case  must  be  treated  as  one  »ui  generis.  The 
plastic  side  of  the  work  is  most  important.  Mutually  interdependent  are  the 
oral  and  plastic  work,  and  the  surgeons  responsible  for  each  of  these  must 
work  in  co-operation,  if  good  results  are  to  be  expected. 

In  July,  1916,  I  was  fortunate  in  being  joined  by  Captain  H.  Lawson 
Whale,  and  by  mutual  consideration  we  have  obtained  results  which  have  at 
times  exceeded  our  expectations.  Doubtless  some  of  our  proceedings  will 
seem  unorthodox,  but  the  results  will  bear  examination,  even  when  carried 
out  on  principles  as  revolutionary  as  the  following  :— 

1.  All  remaining  teeth  should  be  preserved  as  far  as  possible  ;  even  old 
roots  may  be  kept  and  filled,  and  may  prove  most  useful  in  providing  support 
for  interdental  splints.  The  secret  of  orthodontia  lies  in  obtaining  proper 
occlusion  of  teeth.  To  obtain  a  point  d'appui  for  interdental  apjjaratus  is 
difficult  in  the  English  soldier's  mouth,  because  his  teeth  are  generally  poor 
in  quality  and  few  in  number.      If  the  oral   surgeon  removes  all  roots  and 
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stumps,  and  some  teeth,  he  is  indeed  sacrificing  his  only  asset.  This  does  not 
necessarily  mean  that  after  teeth  and  roots  liave  been  used  for  })uri)oses  of 
support,  they  should  not  be  extracted  at  a  later  date ;  nor  docs  it  mean  that 
teeth  directly  in  the  line  of  fracture  should  not  be  removed.  The  view  here 
expressed  differs  radically  from  that  of  those  who  would  extract  all  loots. 
and  the  teeth  on  either  side  of  the  fracture.  Discretion  nmst,  in  fact,  be 
exercised  by  the  surgeon  :  no  east-iron  rule  can  be  observed,  and  if  one 
permits  oneself  to  be  guided  by  narrow  views,  'failure'  will  be  the  result  in 
the  majority  of  cases. 

2.  In  extensive  injuries  of  the  face,  the  wound  should  be  closed  as  soon 
as  possible  :  if  necessary,  before  placing  the  jaw  in  position.  Dr.  C.  Powers, 
of  the  American  Ambulance  at  Paris,  recently  remarked  that  if  an  emergency 
case  of  large  facial  wound  were  brought  to  him  in  peace-time,  and  he  neglected 
or  postponed  the  immediate  approximation  of  the  parts,  he  would  later  on  be 
the  defendant  in  a  civil  action-at-law.  Why,  then,  delay  in  war  surgery  ? 
The  precise  moment  at  which  to  close  the  wound  cannot  be  laid  down  in  hours 


Fig.  94. 


Fig.  95 


or  days,  since  of  course  it  varies  in  different  cases ;  but  in  general  terms  it  may 
be  said  that,  however  dirty  the  wound,  it  should  be  closed  in  a  few  days, 
and  long  before  it  is  thoroughly  clean.  In  fact,  an  official  French  medical 
order  exists,  demanding  that  all  such  wounds  be  closed  as  soon  as  possible 
after  having  been  thoroughly  cleaned  with  ether.  Perfect  asepsis  is  in  any 
case  unattainable,  since  the  wound  is  usually  compound  into  the  mouth.  I 
have  been  throughout  the  hospitals  in  France,  and  found  many  faces  shattered 
beyond  any  chance  of  satisfactory  correction  :  large  flaps  hopelessly  inverted, 
cicatrized,  and  almost  keloidal.  It  should  be  remembered  that  a  flap  produced 
by  laceration  will  quickly  shrink  in  size,  just  as  does  one  made  by  a  surgeon 
in  plastic  work  :  a  good  reason  for  sewing  up  early. 

As  soon  as,  or  even  before,  the  palatal  arch  has  been  built  up,  or  the 
jaw  put  into  position,  two  rows  of  stitches  are  inserted.  The  deep  layers, 
of  heavy  catgut,  embrace  fascial  and  muscular  strata  ;  each  stitch  is  put  in 
at  a  generous  distance  from  the  free  edge,  and  may  if  desired  perforate  the 
mouth  ;  in  the  latter  case  it  is  sometimes  convenient  to  tic  the  knots  inside 
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the  month.  The  superficial  layer,  of  stout  salmon-gut,  approximates  the  skin 
— partially  in  most  cases,  rarely  completely.  This  layer  may  be  reinforced 
by  wide  tension-sutures  tied  over  vulcanite  buttons  {Figs.  94,  and  95). 
Drainage  of  the  mouth  is  generally  required,  and  should  be  obtained  by  a 
median  submaxillary  stab-woiuid  into  which  a  rubber  tube  is  inserted.  It 
must  be  emphasized  that  these  superficial  stitches  (other  than  tension  stitches 
over  buttons)  are  expected  to  break  down.  But  while  they  hold,  they  keep 
the  skin  edges  together  sufficiently  to  allow  the  deeper  structures  to  granu- 
late— sometimes  completely,  sometimes  leaving  a  buccal  fistula  for  subsequent 
closure.  Where  there  has  been  a  loss  of  tissue  in  the  upper  or  lower  lip, 
however,  it  is  imwise  to  draw  the  edges  together :  experience  has  taught  me 
to  recommend  and  practise  the  formation  of  an  artificial  hare-lip  above  and 
below,  as  seen  in  Fig.  116  C. 

3.  When,  as  often  happens,  the  initial  closure  of  soft  parts  precedes  the 
orthodontal  correction,  there  is  a  strong  tendency  for  the  soft  parts  to  shrink 
with  cicatrization.  This  renders  the  work  on  the  jaw  itself  difficult  or  impos- 
sible, and  to  prevent  it,  interdental  appliances  to  which  wire  has  been  attached 
for  the  grasping  of  modelling  com|K)und  (stents)  must  be  inserted,  and 
increased  as  necessary,  to  preserve  the  contour  {Fig.  105). 

4.  Under  the  heading  (2)  above,  it  has  already  been  explained  that  the 
superficial  stitches  arc  expected  to  break  down  ;  but  this  should  not  occur 
too  soon.  To  take  an  exaggerated  instance  :  if  the  salmon-gut  sutures  break 
away  a  few  hours  after  insertion,  they  have  not  had  time  to  serve  their  pur- 
pose as  a  scaffolding,  and  indeed  might  well  have  been  omitted.  The  avoid- 
ance of  such  happenings  suggests  a  fourth  general  principle  :  that  it  is  imwise 
to  attempt  to  bring  the  jiarts  into  unnecessarily  perfect  position  at  the  outset, 
lest  the  tension  on  the  stitches  should  cause  them  to  break  down. 

In  regard  to  the  prosthetic  appliances  used  for  the  reduction  of  fractures 
of  the  jaw,  it  is  difficult  to  lay  down  a  law,  or  to  express  a  preference  for  any 
one  in  particular.  Cases  differ  so  much,  that  the  decision  in  each  instance 
must  always  remain  with  the  operator.  I  can  but  indicate  some  of  the 
appliances  I  have  used  for  certain  patients  herein  mentioned,  fully  realizing 
that  another  surgeon  might  have  treated  these  cases  with  as  good  results, 
while  employing  vtry  different  appliances.  My  endeavour  has  been  to  keep 
these  as  simple  as  possible,  avoiding  unnecessarily  complicated  methods. 

Various  ways  of  treating  the  many  cases  of  trismus  with  which  we  come 
in  contact  have  been  brought  forward  during  this  war.  Complicated  and 
expensive  appliances  have  been  recommended,  which  in  my  judgement  are 
uncalled  for  and  unnecessary,  for  I  have  never  yet  had  a  case  of  false  trismus 
which  did  not  respond  to  treatment  by  plain  wooden  wedges  within  five  or 
six  days  at  the  utmost  ;  the  wedges  are  inserted  between  the  teeth,  larger 
sizes  being  provided  progressively. 

The  following  illustrations  of  splints  {Figs.  96-112)  are  such  as  I  have 
used  from  time  to  time  and  have  found  most  efficient.  Some  of  them  are 
original,  and  others  I  have  seen  in  the  different  hospitals  I  have  visited. 
If  I  omit  to  give  due  credit  to  the  originator  of  any  of  these  appliances, 
it  is  not  from  any  desire  to  withhold  it,  but  from  ignorance  of  the  real 
source. 
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Fig.  96. 


Fig.  97. 


Fig.  98. 


Fig.  9(»  shows  an  appliance  used  in  my  wards  for  cleaning  wounds  by  means  of  boiled 
water.  The  patients  have  nicknamed  it  the  '  Fire  engine.'  A  petrol  tin  is  placed  upon  a 
platform  with  rubber  wheels,  a  bicycle-pump  attached  alongside  for  the  purpose  of  obtaining 
pressure,  and  a  pressure-gauge  is  added  on  the  top  of  the  tank.  This  is  wheeled  about  from 
bed  to  bed  by  the  sisters.  Any  solution  can  be  used.  It  is  simply  a  carrier,  and  saves  a 
great  deal  of  time. 

Fig.  97. — A  form  of  'Hammond'  splint  very  often  used. 

Fig.  98. — A  simplified  '  Kazanjian '  spring  and  support  made  to  keep  up  the  denture 
when  the  palate  has  been  shot  away.  This  is  a  pre-war  invention  of  Dr.  Kazanjian  (Harvard 
unit). 


Fig.  99.  Fig.  100.  Fig.  101. 

Fig.  99. — A  splint  used  to  keep  the  inferior  maxilla  in  position  when  the  fracture  is 
posterior  to  the  teeth. 

Figs.  10()  and  101. — Pope's  splint,  for  use  after  loss  of  the  condyle;  I  take  this  oppor- 
tunity of  recommending  this  ingenious  apparatus. 


Fig.   102. 

Fig.  102.— The  '  Villain  '  splint. 
Fig.  103. — Emergency  splints. 


Fig.  103. 
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Fig.   104. 


Fig.    105. 


Fig.  106. 


Fig.  104. — Jack-screw  pushing  the  jaw  into  position. 

Fig.  105. — An  obturator  for  the  superior  maxilla,  showing  wiring  vulcanized  into  it  for 
the  purpose  of  adding  stents,  and  thus  obtaining  proper  Unes  of  contour  for  the  face. 


Fig.  107. 


Fig.  108. 


Fig.  109. 


Figs.  106-8. — Show  a  spHnt  for  the  purpose  of  building  out  the  chin, 
made  for  the  patient  in  Fig.  109.     It  is  constructed  in  four  sections. 


This  case  was 


Fig.    110. 


Fig.    111. 


Fig.   112. 


Figs.  110,  111,  112.— .\  flange  and  bridge  splint,  made  for  a  patient  having  a  fracture 
posterior  to  the  right  angle  of  the  inferior  maxilla  :  loss  of  bone  from  the  second  right  to  the 
second  left  bicuspid.  The  lower  removable  bridge  maintained  the  line  of  arch  in  position, 
permitting  the  fracture  posterior  to  the  angle  to  unite.  The  flange  held  the  left  side  of  the 
jaw  in  position  and  removed  the  strain  on  the  right  side. 
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Some  points  of  clinical  interest  to  the  general  surgeon  may  be  mentioned. 
The  chief  complications  and  sequclte  of  these  extensive  facial  injuries  are  the 
following  : — 

1.  Secondary  Ilamorrhage. — A  slight  oozing,  or  venous  flow  of  one  or 
two  ounces,  is  fairly  common.  But  out  of  1010  cases,  it  has  been  necessary 
to  tie  an  artery  in  its  continuity  through  a  fresh  incision  in  only  11.  The 
loss  of  tissue  is  often  so  extensive,  or  the  track  made  by  the  ])r()iectile  so  deep, 
that  it  is  usually  impossible  to  acquit  of  responsibility  for  tlic  hainorrhage 
any  branch  of  the  external  carotid,  except  the  superior  tliyroid,  posterior 
auricular,  and  occipital.  Accordingly,  it  has  become  Captain  Whale's  routine 
practice,  in  cases  of  severe  bleeding,  to  tie  at  once  the  external  carotid  just 
above  the  origin  of  the  superior  thyroid.  The  free  collateral  circulation, 
which  enables  the  surgeon  to  take  such  liberties  with  the  soft  parts 
about  the  head  and  neck,  also  occasionally  inconveniences  him  :  thus,  a 
unilateral  wound  will  sometimes  bleed  a  few  days  after  tying  the  external 
carotid.  With  us,  however,  such  htcmorrhages  have  never  been  serious 
enough  to  require  further  surgical  interference. 

2.  Tracheotomy. — This  has  only  been  done  in  2  of  the  1010  cases.  In 
one  emergency  it  was  necessary  to  perform  laryngotomy  imder  novocain 
anaesthesia  (Captain  Whale). 

3.  Lung  Complications. — The  large  majority  of  the  fractures  are  com- 
poimd  both  into  the  mouth  and  outward,  and  only  reach  us  two  or  three  days 
after  infliction,  in  a  very  foetid  state.  The  relative  rarity  of  limg  complica- 
tions is  therefore  striking,  and  reflects  great  credit  upon  the  nursing.  Seven 
patients  have  died  of  pneumonia.  The  autopsies  show  that  the  lesion  is 
generally  of  an  inhalation  type,  often  with  massive  abscess  of  the  lung,  and 
gangrene  (Captain  Greenfield).  Only  one  rib-resection  for  empyema  has 
been  made  (Captain  Whale).  For  two  years  I  have  been  cleaning  all  jaw 
injuries  with  boiled  water,  avoiding  antiseptics  as  much  as  possible,  for  I 
believe  them  to  be  irritants,  harmful  to  mucous  surfaces. 

4.  Infection  of  Adjacent  Structures. — There  has  been  one  case  of  erysipelas, 
and  one  of  sinusitis  (maxillary  antrum,  cured  by  operation — Captain  Whale). 
Two  patients  have  had  quinsies,  each,  however,  having  been  subject  to  this 
complaint  before  the  war.  The  condition  is  sometimes  difficult  to  deal 
with  in  a  patient  with  a  fractured  jaw.  If  access  to  the  tonsillar  region 
is  cramped  by  a  false  trismus,  the  wooden  wedge  which  I  use  overcomes  the 
difficulty,  provided  the  diagnosis  is  so  early  that  the  quinsy  can  wait  forty- 
eight  hours  while  the  wedge  is  doing  its  work. 

5.  Grave  Local  and  General  Sepsis.  — One  case  died  of  streptococcal 
septicaemia,  one  of  septic  meningitis,  and  one  of  general  pyjcmia ;  the  last 
had  pus  in  his  heart  walls,  and  abscesses  in  most  of  his  abdominal  organs, 
including  the  jejimum  and  mesentery  (Captain  Greenfield).  Two  patients 
died  of  mediastinitis,  which  spread  from  a  retropharyngeal  abscess  in  the 
track  of  the  missile  ;  in  one  of  these,  implication  of  the  vagus  and  the 
sympathetic  in  the  purulent  track  was  diagnosed  clinically,  and  confirmed 
post  mortem  (Captain  Whale  and  Captain  Greenfield). 

Of  1010  cases  of  jaw  and  facial  injuries,  I  would  point  out  the  small 
number  of  deaths  (27)  ;    of  these,  7  were  beyond  saving  on  their  arrival. 
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The  following  photographs  {Figs.  115-126)  illustrate  twelve  cases,  showing 
the  gradual  progress  made  from  time  to  time.  They  are  accompanied  by 
clinical  notes  abstracted  from  the  case  records.  Realizing  that  the  photo- 
graphs obtained  did  not  clearly  demonstrate  the  seriousness  or  depth  of 
wounds,  I  decided  on  Jan.  1,  1917,  to  obtain  them  stereoscopically,  and  I 
am  giving  two  of  these  here,  simply  for  the  purpose  of  showing  their  value. 
{Figs.  113,   114).     They  should  be  examined  through  stereoscopic  lenses. 


Fig.    ll.l. 


Fig.    114 
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NOTES    AND    ILLUSTRATIONS    FROM   PHOTOGRAPHS    OF    TWELVE 
TYPICAL    CASES. 

Fig.  115. — Case  1.     Pte.  R.     Gunshot  wound.     The  projectile  perforated  the  antrum 
and  shattered  the  superior  maxilla.     (Major  Valadier  operating.) 


A,  Patient  as  he  arrived;  B,  C,  D,  Models  of  the  superior  maxillae,  showing  the  left  one  much 
below  the  right;  E,  Splint  used  to  pull  the  maxilla  into  position;  F,  Splint  in  position ;  G,  Maxillse  in 
position  ;    H,  As  evacuated  to  England. 


OEAL    AND    PLASTIC     SUKGEEY 


159 


Fig.  IIG. — Case  2.  Pte.  J.  S.  Explosive  bullet  wound.  The  inferior  maxilla  was  shat- 
tered ;  the  symphysis  is  missing ;  one  right  and  left  molar,  one  right  premolar  root,  and 
one  left  premolar  are  the  only  existing  teeth  left  in  the  mouth.  Angle  bands  and  bar 
were  immediately  inserted  to  keep  the  line  of  the  arch,  and  the  wound  was  closed,  an 
artificial  hare-lip  being  formed,  (Major  Valadier  operating  six  times,  and  Colonel  Fullerton 
once.) 


A.  Patient  as  he  arrived  ;  B.  Three  weeks  after  arrival  ;  C,  Eight  weeks  after  arrival.  At  this 
stage  the  Angle  bands  and  bar  were  removed  and  a  simple  vulcanite  splint  was  inserted,  as  seen  in 
D,  E.  F.  Hare-lip  corrected.  The  mouth  not  being  very  straight,  and  considerable  cicatricial  tissue 
existing,  this  was  re-corrected  four  weeks  later,  and  then  teeth  were  inserted  :  the  result  is  seen 
m  G  and  H  ;    I,  Skiagram  showing  present  union  of  bone. 
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Fig.  117.— Cos*'  II.  Ptc.  H.  W.  S.  Slirll  wound,  wlii/./.-I)aiij;.  Fracture  of  the  inferior 
and  superior  maxiihe.  The  sui)crior  maxilla  was  ligatured  into  position  by  means  of  silk 
Hoss,  as  well  as  the  lower  jaw,  and  jthe  wound  was  immediately  elose<l  as  far  as  possible. 
(Major  Valadier  operating  ;   Captain  Whale  assisting.) 


A,  Patient  as  he  arrived ;   B,  Four  weeks  later  ;   C,  Upper  lip  corrected ;   D,  Flap  made  in  anticipa- 
tion of  forminit  alae  ofjnose  ;    E,  Present  condition  of  the  month  after  teeth  were  inserted. 
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Fig.  118. — Case  4.  Pte.  S.  Explosive  bullet.  The  inferior  maxilla  was  fractured,  and  an 
entire  portion  of  the  palate  gone ;  both  antra  were  open  and  in  a  most  gangrenous  condition. 
All  the  upper  teeth  were  gone  save  one  molar  on  each  tuberosity,  dangling  in  the  mouth ;  both 
of  these  were  ligatured  into  position,  and  in  six  weeks  both  tuberosities  and  teeth  liecame 
absolutely  sound.  The  wound  was  closed  al  the  same  time.  (Major  Valadier  operating; 
Captain  \\Tiale  assisting.) 


A,  Patient  as  he  arrived ;  B,  Six  weeks  later ;  C,  Twelve  weeks  later — scar  tissue  removed  and  the 
cheek )  freed  ;  D.  Fifteen  weeks  later  ;  E,  Five  months  later  (present  condition) ;  F,  G,  Explosive 
bullet  removed  from  the  maxillary  sinus.     It  had  shattered  both  superior  maxillae. 

VOL.    V. — NO.    17.  11 
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Fig.  119. — Case  5.  Pte.  J.  P.  Shell  wound,  high-explosive.  Fracture  of  the  inferior 
and  su|)erior  maxillse,  with  extensive  facial  wound.  (Major  Valadicr  operating;  Captain 
Whale  assisting.) 


A,  On  admission  ;  B.  Ten  days  later.  Immediate  suturing  :  the  jaws  held  in  position  by  means 
of  silk  ligatures ;  C,  Five  weeks"  later ;  D,  Silk  ligatures  removed  and  dentiu-es  inserted ;  E,  F,  Scar 
tissue  removed ;    present  appearance  five  months  after  admission. 
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Fig.  120. — Case  6.      L.-Corpl.  W.  B.      High-explosive  shell   wound.     (Major   Valadier 
operating  ;  Captain  Whale  assisting.) 


A,  Patient  as  he  arrived.  The  inferior  maxilla  was  badly  shattered,  but  healthy  mucosa  was 
foiuid  on  each  separate  piece  of  bone.  Therefore  in  this  case,  although  I  am  not  in  favour  of  wiring, 
tiie  bones  were  fixed  in  position  by  fine  silver  wire,  and  Angle  bands  and  bar  were  added  to  pre- 
serve the  line  of  the  arch.  The  wound  was  immediately  closed ;  B.  Three  weeks  after  admission ; 
C.  Shows  the  Angle  bands  and  bar  in  position  ;  D,-  As  evacuated  to  England,  by  which  time  the 
^vires  had  been  removed,  with  a  certain  amount  of  necrosed  bone.  Two  centrals  were  also  removed, 
as  they  had  accomplished  their  pvu-pose  of  support. 


164        THE    BRITISH    JOURNAL    OF    SURGERY 

Fig.  121. — Case  7.  Pte.  McL.  Hiph-explosivc  shell  wound.  Tlie  superior  maxilla  was 
carried  away,  leaving  a  molar  on  each  tuberosity  ;  these  were  very  loose,  but  it  was  decided 
to  tie  them  into  position.  The  inferior  maxilla  was  fractured,  right  and  left,  posterior  to 
the  premolars.  Angle  bands  and  bar  were  inserted.  Six  weeks  later,  the  upper  teeth  and 
tuberosity  were  perfectly  sound.  (This  plan  I  have  followed  many  times  without  a  failure.) 
The  inferior  maxilla  united.     (Major  Valadier  operating.) 


A,  Patient  a-s  he  arrived  ;  B,  Eight  weeks  later,  with  jack-s^crew  splint  to  prevent  contraction  as 
seen  in  C;  D,  The  .splint  by  itself.  The  nose  and  face  being  depressed  as  seen  in  E,  I  decided  to 
make  an  aluminium  head-casque  as  in  F.  and  a  s-plint  for  the  upper  jaw,  as  seen  in  G,  H,  I  ;  K,  Shows 
these  appliances  in  position;  L,  A  side  view  showing  the  difference  compared  with  E.  At  this  stage, 
owing  to  pressure  of  work  and  necessity  of  beds  for  new  case.-?,  this  patient  was  evacuated  to  England. 
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Fig.  122. — Cnsc  8.  Pte.  P.  Gunshot  wound  of  jaw,  with  extensive  comminution.  The 
patient  wa--  admitted  wearing  a  tracheotomy  tube,  and  with  a  gangrenous  chasm  occupying 
tlie  wiit)le  riiilit  anterior  triangle  of  the  neck.  (Captain  Whale  operating';  Major  Valadier 
assisting.; 


A,  Appearance  on  admission  ;  B.  Fifteen  days  later.  Shows  a  pedicled  flap  turned  up  from  the 
chest ;  C.  Four  days  later.  The  upper  third  of  the  flap,  infected  by  saliva,  has  sloughed  ;  D,  Shows 
a  wire  trough  fixed  to  the  teeth  on  the  sotmd  side ;  E,  The  same  with  teeth  to  raise  the  level  of  the 
gap  in  the  jaw ;  F,  Five  weeks  after  admission.  Denture  fixed  ;  G,  Present  conchtion.  The  keloid 
scar  is  at  present  stretching. 
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Fig.  123. — Case  Si.     Pte.   W.     Guiisliot  wound,  destroying  the  whole  nose  below  the 
nasal  bones.     (Captain  Whale  operating  ;    -Major  Valadier  assisting.) 


A,  Appearance  on  admission.  Vulcanite  splints  were  made  to  prevent  adhesions  to  the  septum ; 
B.  Six  weeks  later.  Piece  of  the  8th  costal  cartilage  beneath  the  frontal  periosteum  ;  C,  The  same, 
profile  view ;  D.  Nine  weeks  later.  Shows  a  frontal  flap,  containing  cartilage,  turned  down ;  E,  F, 
Shaping  the  nose. 


ORAL     AND    PLASTIC     SURGERY 


167 


Fig.  124. — Case  10.  Corpl.  E.  Gunshot  wound  of  the  nose.  The  bony  and  soft  parts 
between  the  nasal  bones  and  the  lobule  were  shot  away.  (Captain  ^^^lale  operating  ;  Major 
Valadier  assisting.) 


A.  Appearance  on  admission.  The  next  day  the  patient  developed  scarlet  fever ;  R  After 
cicatrization  eight  weeks  later  ;  C,  Operation]  three  months  after  admission,  flaps  to  fill  the  gap 
being  taken  from  the  skin  over  the  nasal  bones.  The  bridge  was  re-formed  from  the  septum  nasi ; 
D,  Appearance  on  discharge  to  England  five  months  after  admission.-       ^ 
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Fig.  125. — Case  11.     Pte.  W.     Gunsliot  wound,  destroying  the  upper  lip  and  prcmaxilla. 
(Captain  Whale  operating  ;    Major  Valadier  assisting.) 


A,  Appearance  on  admission  ;  B,  C,  Five  weeks  later.  A  new  lip  was  formed,  but  the  cicatricial 
tissue  seen  forbade  re-interference  to  create  columella  and  tip  of  nose,  which  I  am  now  making 
from  the  forearm  ;    D,  E,  Flaps  from  cheek  to  form  the  tip  (not  sufficient). 

Fig.  126.^ — Ca,se  12.  Pte.  A.  Gunshot  wound,  destroying  the  right  mandible,  chin,  and 
hyoid  region.     (Captain  Whale  operating  ;    Major  Valadier  assisting.) 


A    Appearance  on  sulmission  ;    B,  Six  weeks  later,  after  a  plastic  operation  ;    C,  Present  condition. 
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CAPTAIN    WHALE'S    REPORT. 

Major  Valadier  has  kindly  asked  me  to  add  my  observations  to  his  own 
more  important  paper.  He  had  been  doing  this  work  for  eighteen  months 
before  I  joined  him.  Up  to  this  time  my  experience  was  Hmited  to  some 
patients  treated  jointly  by  Major  Valadier  and  myself  in  Boulogne  in  the  first 
three  months  of  the  war,  before  the  existence  of  a  special  department,  and 
subsequently  in  England  to  a  few  other  cases  to  which  I  had  access  only  after 
the  wounds  had  completely  healed  ;  so  that  my  experience  of  facial  surgery  is 
much  less  than  his.  I  can,  however,  after  seven  months'  collaboration,  fully 
endorse  the  principles  he  has  laid  down,  especially  as  regards  the  early  closure 
of  woimds. 

At  the  primary  operation,  all  tissues  not  hopelessly  dead  should  be  con- 
served.    Especially  does  this  apply  to : — 

1.  Bone  and  mucous  membrane.  Preservation  of  these  structures  may 
obviate  the  necessity  of  transplantations  in  the  case  of  bone,  and  of  extensive 
sliding  flaps  in  the  case  of  mucosa,  the  loss  of  viability  of  either  of  these 
never  being  certain. 

2.  Parts  of  the  face  which  are  difficult  to  build  up  artificially,  such  as  the 
columella  or  alar  margin  of  the  nose  (see  Fig.  124).  At  the  beginning  of  the 
war,  Major  Valadier  and  I  sacrificed  pieces  of  tissue  which  we  should  nowadays 
retain.  He  has  already  mentioned  that  when,  as  is  usual,  the  mucosa  of  either 
lip  has  been  sewn  out  of  its  correct  position  to  any  accessible  spot  in  order  to 
keep  it  alive,  it  only  remains  thereafter  to  follow  the  general  principles  of  hare- 
lip operations.  We  have,  however,  encountered  one  important  difference.  If 
an  operation  on  a  congenital  hare-lip  is  for  any  reason  imsatisfactory,  the 
surgeon  operates  anew  as  if  on  a  fresh  case,  the  soft,  elastic  tissues,  especially 
in  an  infant,  permitting  of  this.  But  in  our  work  we  are  dealing  \vith  inelastic 
and  sometimes  avascular  cicatricial  tissue,  less  tolerant  of  repeated  inter- 
ference. So  that  :  (1)  Provided  we  have  obtained  a  good  vermilion  border— 
if  the  parts  break  down,  or  the  cosmetic  result  is  imperfect,  it  is  better  to 
let  the  lip  heal  in  so  far  as  it  will,  and  later  to  perform  minor  operations  ; 
(2)  A  destroyed  columella  usually  cannot  be  reconstructed  by  the  con- 
venient flap  from  the  upper  lip,  since  the  woiuid  has  as  a  rule  involved 
this  lip  also  (see  Fig.  125  B).  Having  restored  the  Up,  it  is  unwise  to  disturb 
it  again  ;  and  the  columella  must  be  made  from  the  face  by  the  French 
method,  or  better,  from  a  hairless  part  of  the  arm  or  forearm  by  the 
Italian  method. 

Before  finally  and  completely  covering  in  a  loss  of  skin  in  the  region 
of  the  jaw,  the  buccal  cavity  should  have  been  shut  off,  by  nature's  granu- 
lations, or  the  surgeon's  stitches,  or  both.  If  this  has  not  occurred,  then, 
if  the  gap  be  closed  by  undercutting  and  sliding  adjacent  skin,  a  trouble- 
some salivary  fistula  results.  Major  Valadier  has  been  very  successful  in 
dealiug  with  such  cases  by  sutures  of  heavy  catgut  which  embrace  the 
deep  structures  only  and  do  not  reach  either  to  the  mouth  or  to  the  skin 
surface.  But  if,  in  order  to  close  such  a  gap,  it  has  been  necessary  to 
swing  up  a  long  pedicled  flap  from  the  thoracic  wall,  the  evil  results  of 
an  unclosed  communication  with  the  mouth  are  much  more  marked.     The 
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distal  end  of  the  flap  may  slough  away ;  and  although  the  jn-oxinial  jiart 
heals,  its  healing  is  attended  by  gross  keloid  formation,  owing  to  the 
constant  re-infeetion  (see  Fig.  122  C). 

Whoever  practises  plastic  facial  work  would  do  well  not  to  adhere  implicitly 
to  text-book  directions  ;    thus  : — 

1.  The  time  which  shoidd  elapse  between  successive  steps  of  surgical  jiro- 
cedure  can  only  be  ascertained  by  experience.  In  general  it  may  be  said  that 
the  primary  closure  of  the  wound  is  undertaken  too  late,  and  all  subsequent 
stages  too  early.  In  particular,  the  jiedicles  of  transplanted  flaps  can  rarely  be 
divided  safely  after  ten  or  fourteen  days,  as  often  stated  ;  three  weeks  is  as  a 
rule  a  minimum. 

2.  The  margin  allowed  for  shrinkage  of  flaps  is  commonly  given  as  one- 
sixth  of  the  area.  In  our  experience,  one-third  is  more  accurate  ;  that  is,  a 
piece  of  soft  tissue  shoidd  be  cut  one-third  larger  than  it  is  idtimately  intended 
to  be.  It  must  be  remembered  that  the  flap  continues  to  shrink  for  many 
weeks,  and  in  all  diameters.  Thus,  a  nose  made  from  the  frontal  tissues  shrinks 
upwards  towards  its  pedicle,  so  as  to  lie  too  high  on  the  face  ;  and  the  piece 
fashioned  for  the  columella  may  shrink  luitil  it  is  not  long  enough  to  reach  the 
lip  (see  Fig.  123  D). 

In  making  a  nose  from  a  forehead  flap  containing  a  previously  implanted 
rib  cartilage,  it  is  debatable  whether  the  latter  should  be  grafted  superficial 
or  deep  to  the  periosteimi.     We  have  succeeded  with  both  methods. 

For  biulding  up  smaller  gaps  in  the  nasal  bridge  after  a  subtotal  loss  of 
the  nose,  it  is  useful  to  swing  up  a  vertical  strip  from  the  cut  anterior  edge  of 
the  cartilaginous  septum  ;  this  strip  remains  attached  to  the  septum  at  its 
upper  end  (see  Fig.  124  C). 

The  later  stages  in  the  fashioning  of  a  nose  by  the  Indian  (forehead  flap) 
method  involve  reducing  its  thickness  between  the  eyes,  and  creating  the 
natural  depression  just  above  each  ala.  Such  effects  may  be  produced  by 
excising  pieces  of  skin  in  a  wedge  shape  (Major  Valadier),  so  that  on 
suturing  with  horsehair  (a  mattress- suture  is  useful)  the  area  is  inverted. 
The  superficial  aspect  of  the  excised  piece  is  elliptical,  and  the  depression 
produced  is  most  marked  at  the  widest  part  of  the  ellipse,  gradually 
fading  away  towards  its  ends.  By  varying  the  relative  length  and  width 
of  the  ellipse,  and  the  slope  of  its  edges,  any  sort  of  dimple,  valley,  or 
crease  may  be  created. 

After  a  wound  in  the  region  of  the  mandible,  or  at  any  stage  of  its  surgical 
correction,  an  elevation  or  depression  of  one  angle  of  the  mouth  is  a  frequent 
occurrence.  When  this  is  due  to  cicatricial  contraction,  there  is  no  special 
point  to  emphasize  here.  But  there  are  two  other  causes  for  such  asymmetry 
which  call  for  remark  : — 

1.  Sometimes,  after  an  extensive  comminuted  fracture  of  the  lower 
jaw,  with  more  or  less  loss  of  bone,  it  is  impossible  to  maintain  accurate 
apposition  of  the  fragments  by  any  form  of  splint ;  and  these  fragments, 
as  Major  Valadier  first  demonstrated  to  me,  are  often  sufficiently  viable 
to  form  callus,  but  will  not  tolerate  wiring.  There  will  be  a  dip  in  the 
level  of  the  jaw  on  one  side,  dragging  the  angle  of  the  mouth  down  with  it. 
In   such   cases   he   devises,   and  his  mechanicians  make   with  a  high  degree 
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of  finish,  some  form  of  bridge  to  raise  the  level  of  the  depressed  part,  and 
on  this  bridge  a  denture  is  constructed.  The  angle  of  the  mouth  is  now 
brought  up  by  operation  (see  Fig.  118  C  and  E).  It  will  be  noticed  that  the 
mouth  has  eventually  a  false  relation  to  the  jaw  on  that  side ;  but  the 
dental  occlusion  is  perfect,  and  the  mouth  straight.  This  is  a  better  plan 
than  to  try  to  raise  jaw  and  mouth  together. 

2.  Destruction  by  an  extensive  wound  of  the  facial  nerve  in  the  parotid 
region.  Those  who,  like  myself,  ha've  anastomosed  the  nerve  with  one  of  its 
neighbours,  will  agree  that  a  complete!}  ^ncn-^sful  result  of  this  operation  is 
rare.  Here,  again,  it  is  better  to  lift  the  mouth  angle  by  a  plastic  operation. 
The  mouth  in  repose  is  then  absolutely  straight,  and  the  patient's  only 
obvious  disabilitv  is  a  whimsicallv  crooked  smile. 
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SH0R7^    NOTES     OF 
RARE     OR     OBSCURE     CASES. 


A  NOTE  ON  A  CASE  OF  MYELOMA  OF  THE 
TENDON  SHEATH. 

By    FREDERICK    C.    PYBUS,    Xewcastlk-on-Tynf.. 

In  view  of  the  interest  of  these  tumours,  and    the  paper  by   Stewart  and 

FHnt   in   the  British  Journal  of  Surgery  in  July,   1915,   I  pubUsh  this 

ease,  whieh  I  saw  in  consultation  in  July,  1912. 

History. — The  patient,  Mrs.  R.,  age  32,  was  the  wife  of  a  butcher.      For 

the  previous  six  years  she  had  noticed  a  small  tumour  on  the  little  finger  of  the 

right  hand.  During  the  last  year  it  had  grown 
considerably  larger.  It  was  occasionally  pain- 
ful, and  prevented  her  from  grasping  anything 
or  putting  on  a  glove. 

Physical  Signs. — The  patient  ajipeared 
generally  healthy.  There  was  present  on  the 
palmar  aspect  of  the  little  finger,  near  its 
centre,  an  oval  tumour  about  the  size  of  a 
walnut.  The  skin  moved  over  the  tumour, 
which  was  lobulated  and  felt  hard  in  some 
parts  and  elastic  in  othei's.  The  phalanges 
could  be  slightly  flexed,  demonstrating  the 
freedom  of  the  tendons.  The  tumour  appeared 
to  be  attached  to  the  tendon  sheath. 

Diagnosis. — The  condition  was  new  to  me, 
and  I  could  not  give  a  definita  opinion  between 
(1)  some  form  of  ganglion,  (2)  neoplasm,  (3) 
hyperplastic  tubercle. 

Operation. — A  median  incision  was  made 
over  the  tumour,  which  was  found  to  be  en- 
capsulated and  readily  shelled  from  the  sur- 
rounding tissue.  It  was  attached  by  a  broad 
base  to  the  tendon  sheath,  a  portion  of  which 
was  removed.  The  sheath  was  closed  over  the 
tendon  with  catgut,  and  the  skin  edges  were 

brought   together.     After   removal    I    was    still   doubtful  about  the  tumour. 

Drawings    were    made    of    it    {Fig.   127),    and    a  portion    was  submitted   to 

microscopical  examination. 

Description   of   Tumour. — In    size   and   shape    it   resembles  a    walnut. 


Fig.  127. — Showing  the  under 
surface  of  the  tumour,  witii  the 
tendon  sheath  at  the  centre.  Yellow 
lobule.«  on  the  left-hand  side,  and 
the  hand-like  process  at  the  lower 
and  left  -  hand  corner,  are  seen. 
(Twice  natural  size.) 
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The  surface  is  deeply  lobiilated,  one  process  resembling  the  fore  paw  of  a 
mole.  The  general  colour  is  reddish  brown,  while  in  some  parts  the  lobules 
are  greyish  and  appear  translucent  ;  in  other  parts  they  are  of  a  yellow 
colour  and  look  like  wash-leather.  A  portion  of  the  sheath  is  seen  attached 
to  the  luider  surface  of  the  timiour. 

The  late  Dr.  Sewell  reported  the  specimen  to  be  a  myeloid  sarcoma.  The 
section  has  since  been  re-examined  by  Professor  Stuart  McDonald,  who 
rejjorts:  "This  appears  to  be  a  true  myeloid  sarcoma.  The  predominant 
cell  is  small  and  spindle-shaped,  but  there  are  niuiierous  typical  giant  cells— ^ 
in  some  fields,  under  the  high  power,  from  six  to  twelve  of  these  are  present. 
It  is  fairly  vascular,  and  the  vessels  are  of  the  usual  sarcomatous  type.  In 
almost  every  part  of  the  timiour  there  are  extensive  deposits  of  blood 
pigment,  the  result  of  haemorrhage.  The  tumour  is  indistinguishable  from 
the  myeloid  sarcoma  arising  in  connection  with  bone," 

The  patient  has  remained  quite  well  and  free  from  recurrence  or  dis- 
semination. 


A  CASE  OF  THROMBOSIS  OF  A  CONSIDERABLE  PORTION 
OF  THE  SUPERIOR  MESENTERIC  VESSELS  WITHOUT 
ANY  DISCOVERABLE  CAUSE. 

Bv    OSWALD    LACY    ADDISON,    London. 

The  following  case  seems  worthy  of  record  : — 

Mrs.  S.,  age  42,  was  waked  up  by  a  sudden  severe  pain  in  the  abdomen  at 
3  a.m.  on  May  2,  1916.  The  pain  continued  without  intermission  during  the 
day,  and  the  abdomen  became  swollen.  She  vomited  once,  soon  after  the  onset 
of  the  pain. 

Patient  had  had  no  previous  illness,  and  had  gone  to  bed  feeling  perfectly 
well.  The  only  possible  exciting  cause  she  could  think  of  was  that  three  or 
four  days  previously  she  had  made  Jierself  verj^  stiff  and  had  felt  '  seedy '  after 
carrying  some  hea^'y  flower-jx)ts. 

Patient,  a  slim,  well-made  woman,  was  admitted  to  the  West  London 
Hospital  at  5.30  p.m.  on  the  same  day.  She  was  pale  and  collapsed,  with  a 
very  weak  pulse  of  100.  The  lower  half  of  the  abdomen  was  made  prominent 
by  a  rounded,  tender,  elastic  swelling  looking  like  a  five  or  six  months  preg- 
nancy. The  remainder  of  the  abdomen  was  somewhat  retracted.  There 
was  no  visible  peristalsis.  Some  dullness  was  present  in  both  flanks. 
Examination  of  the  pelvis  was  negative. 

Operation  at  6.30  p.m. — Condition  at  commencement  very  poor.  On 
opening  the  abdomen  a  large  quantity  of  blood-stained  fluid  escaped,  and  the 
swelling  was  seen  to  be  formed  by  distended  coils  of  small  intestine  lying  trans- 
versely. The  intestine  was  a  dark  plum  colour,  and  about  one  and  a  half 
inches  in  diameter.  On  lifting  the  mass  of  intestines  out  of  the  abdomen 
there  was  no  evidence  of  any  kind  of  constriction  of  the  mesentery,  but  all  the 
vessels  in  the  mesentery  were  thrombosed.  The  line  of  demarcation  of  t  he 
affected  gut  was  absolutely  abrupt,  and  ended  below  about  three  inches  from 
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the  ilcocacal  valve.  The  gut  ininiediately  above  the  thrombosed  part  was 
empty  and  somewhat  contracted.  Clami)s  were  applied,  and  after  the  removal 
of  the  affected  jjut  with  its  mesentery,  a  lateral  anastomosis  was  made  to  the 
colon  just  above  the  ileocjccal  valve  by  simple  suture.  Owing  to  the  collapsed 
condition  of  the  patient  a  thorough  examination  of  the  upper  half  of  the 
abdomen  was  not  made,  but  the  appendix  and  pelvic  organs  were  seen,  and 
appeared  to  be  healthy.  On  account  of  the  large  amount  of  free  fluid  and  the 
damaged  intestine  a  small  tube  was  left  in  for  a  few  days,  and  the  wound  healed 
without  infection. 

Intravenous  and  subcutaneous  saline  were  given  during  the  operation,  and 
rectal  saline  for  two  or  three  days  after.  The  patient  rapidly  recovered  from 
the  operation,  and  next  morning  appeared  to  be,  and  said  she  felt,  'perfectly 
well.' 

The  temperature  for  the  first  four  days  did  not  rise  above  99°,  and  the 
pulse  remained  84-100.  On  the  fifth  and  two  subsequent  nights  the  tempera- 
ture rose  to  100°,  but  afterwards  remained  subnormal.  The  bowels  acted  on 
the  second  day,  and  afterwards  there  were  two  or  three  loose  motions  daily. 

No  cause  for  the  thrombosis  was  found.  The  patient  was  examined 
several  times  by  Dr.  Sidney  Owen,  but  beyond  a  few  carious  teeth  with  no 
obvious  pyorrhoea,  a  weak  first  sound  and  short  apical  systolic  murmur,  slight 
cardiac  dilatation  and  weak  myocardium,  nothing  was  found.  Dr.  Owen  did 
not  consider  that  the  cardiac  condition  was  primary.  The  ^Vassermann 
reaction  was  negative.  Patient  left  the  hospital  in  three  weeks,  still  rather 
pale,  but  feeling  well. 

Unfortunately,  the  piece  of  bowel  removed  was  not  measured  at  the  time, 
and  was  by  accident  put  into  a  strong  solution  of  formalin.  \Vhen  measured 
four  or  five  days  later  it  was  found  to  be  nine  feet  in  length.  Seeing  how 
much  a  piece  of  intestine  contracts  after  removal,  apart  from  the  effects  of 
immersion  in  strong  formalin  for  four  or  five  days,  I  think  the  original  length 
cannot  have  been  less  than  twelve  feet,  and  was  probably  more.  All  the 
vessels  of  the  corresponding  mesentery  were  thrombosed,  but  it  was  not 
determined  whether  the  condition  was  primary,  or  secondary  to  an  embolism. 

The  most  striking  feature  about  the  case  was  the  rapidity  with  which  the 
patient  recovered  from  an  apparently  moribund  condition — due  chiefly,  I 
think,  to  the  fact  that  there  was  no  distention  of  the  bowel  above  the 
affected  part  with  consequent  absorption  of  toxins,  and  also  to  the  use  of 
spinal  ana-sthesia,  which  acted  perfectly  until  near  the  end  of  the  operation, 
when  a  very  small  amoimt  of  ether  was  given  by  the  open  method.  The  day 
after  the  operation  the  patient  certainly  appeared  to  be  better  than  the 
majority  of  patients  after  a  radical  cure  of  hernia  or  an  interval  appendix 
operation. 

The  patient  was  seen  ten  months  later,  and  seemed  well,  though  rather  pale. 
The  weight  had  remained  normal,  and  the  bowels  were  still  loose,  acting  as  a 
rule  twice  a  day.  At  intervals  of  three  weeks  there  were  attacks  of  griping 
abdominal  pain  followed  by  six  or  seven  loose  motions.  She  had  not  been  able 
to  influence  the  looseness  of  the  bowels  by  diet.  Recently  she  has  had  palpita- 
tion and  !-omc  attacks  of  asthma,  and  menstruation  has  been  irregular. 
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LOCALIZED    TRAUMATIC    OR    DIRECT    GANGRENE. 

Bv    Captain    A.    W.    XUTHALL.    R.A.M.C.iT.) 

Private  T,,  A.S.C.,  a  despatch  rider,  fell  off  his  motor  bicycle  on  the 
stone  setts  of  a  French  road.  As  he  lay  prone  with  his  arms  extended  above 
his  head,  one  nibber-shod  wheel  of  a  3-ton  motor  lorry  passed  over  both  arms. 
Probably  the  lorry  was  bimiping,  or  at  least  that  particular  wheel  was  not 
takinu  nmeh  weight  at  the  moment  of  impact,  for  while  the  left  arm  sustained 
a  St  \  fix  (rushing  injun^-.  the  right  arm  escaped  with  mere  abrasions  (the  man 
is  positive  that  the  wheel  ran  over  both  arms). 


Fig.   lis. 

When  seen  on  the  fourth  day,  the  left  forearm  jjresented  the  signs  of  a 
severe  localized  gangrene.  There  was  no  fracture  apparent,  the  radial  pulse 
was  imaffected,  and  the  condition  of  the  forearm  and  hand  distal  to  the  injury 
quite  natural.  Two  coloured  photographs  were  taken  which  illustrate  the 
lesion  beautifully.  For  these  I  am  indebted  to  Major  A.  C.  Valadier. 
The  man  was  in  our  hospital  for  thirty-six  hours  only,  being  transferred  to 
England  quickly  in  a  period  of  great  pressure.  I  cannot  record  his  subsequent 
jirogress.  He  was  seen  by  Colonel  Burghard,  at  whose  wish,  and  with  the 
kind  permission  of  Lieutenant-Colonel  H.  E.  Sidgwick,  the  case  is  recorded. 
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A    CASE    OF    FIBROID    TUMOUR    OF    THE    STOMACH. 

By    ERNEST    W.    HEY    GROVES,    Bristol. 

T.  C.  M.,  age  50,  a  medical  practitioner.  There  had  been  no  previous 
iUness  until  December,  1915,  when,  without  any  special  warning,  he  liad  a 
fainting  lit  and  passed  a  large  quantity  of  blood  by  the  rectum.  In  tlie 
following  month  he  had  an  ordinary  attack  of  acute  pneumonia  which  ran 


F;g.  129. — Fibroid  tumour  of  tlio  stomach.     In  the  upper  figure  the  tumour  is  viewed  from 
the  interior  of  the  stomach  ;    in  the  lower  figure  the  tumour  is  seen  in  section. 

a  normal  course.  Between  June  and  September,  1916,  he  had  repeated 
attacks  of  mehena,  but  this  was  unassociated  with  dyspepsia,  vomiting,  or 
constipation.  He  became  decidedly  anaemic,  and  suffered  from  some  palpi- 
tation. 
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Sept.  22,  1916. — Patient  was  well  nourished  and  had  a  movable  tumour 
in  the  right  of  the  epigastrium. 

Operation". — The  stomach  was  exposed  through  a  right  pararectal  inci- 
sion ;  there  were  no  adhesions.  The  organ  presented  a  smooth  soft  tumour 
in  the  substance  of  the  anterior  wall.  The  middle  third  of  the  stomach  was 
resected  and  an  end-to-end  anastomosis  carried  out  ^^^thout  difficulty.  The 
patient  made  a  smooth  recovery,  and  was  able  to  return  to  his  work  at  the  end 
of  the  year.     He  is  now  in  his  normal  health. 

Description  of  Specimen. — The  nature  of  the  gro^vth  and  its  relation  to 
the  stomach  are  well  indicated  by  the  accompanying  figures.  The  tumour, 
which  was  oval  in  shape,  measured  two  and  a  half  inches  by  one  and  three- 
quarter  inches  ;  it  consisted  of  a  soft  vascular  fibroid  growth,  exactly  similar 
in  everj'  respect  to  a  soft  fibromyoma  of  the  uterus.  It  lay  in  a  loose  connec- 
tive-tissue capsule  M'hich  separated  it  from  the  thickened  muscular  wall  of  the 
stomach  on  one  side  and  from  the  mucous  membrane  on  the  other.  The 
mucous  membrane  covering  it  presented  two  apertures,  through  which,  no 
doubt,  the  haemorrhage  had  occurred.  One  of  these  apertures  was  stellate  and 
almost  closed  ;  this  was  probably  the  source  of  the  haemorrhage  in  December, 
1915.  The  other  opening  was  filled  with  recent  blood-clot  at  the  time  of  the 
operation,  and  it  was  clearly  the  seat  of  recent  haemorrhage. 

At  the  time  of  the  operation  the  tumour  was  regarded  as  probably  sarcoma- 
tous, and  therefore  was  removed  with  a  wide  margin  of  healthy  tissue. 

The  occ»irrence  of  this  type  of  fibroid  tvmiour  of  the  stomach  is  sufficiently 
rare  to  justify  publication. 


A    CASE    OF    INTRAPERITONEAL    PERFORATION    OF    AN 

ULCER    OF    THE    URINARY    BLADDER. 

By  Liectenant-Colonel  H.  SIMPSON  NE\^XAND,  AA.M.C., 
AND  Captain  H,  RAYSON,  A.A.M.C. 

The  interesting  particulars  of  "  A  Case  of  Spontaneous  Rupture  of  the 
Urinary  Bladder,"  published  in  the  October,  1916,  number  of  The  British 
Journal  of  Surgery,  have  led  us  to  publish  the  following  notes  of  a 
similar  case. 

Gvmner  H.  F.  J.,  after  partaking  freely  of  drink  on  the  evening  of 
Sept.  17,  1916,  was  knocked  down  by  a  motor  car.  He  immediately  felt 
severe  pain  in  the  lower  part  of  the  abdomen.  At  No.  3  London  General 
Hospital  a  catheter  was  passed,  and  bloody  urine  withdrawn.  On  Sept.  20, 
four  incisions  were  made  into  the  anterior  abdominal  wall  to  allow  the 
escape  of  extravasated  urine.  On  Sept.  24,  a  suprapubic  incision  was  made 
under  an  anaesthetic,  and  a  rent  1|  inches  long  was  discovered  in  the 
anterior  wall  of  the  bladder.  A  large  rubber  drainage  tube  was  introduced 
into  the  bladder  through  the  tear.  It  was  removed  in  the  course  of  a  few- 
days.     Six  weeks  later  all  the  incisions  had  soundly  healed. 

On  Feb.  2,  1917,  the  morning  after  admission  to  No.  1  Australian 
Auxiliary  Hospital,  he  was  suddenly  seized  with  acute  pain  in  the  lower  part 
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of  the  abdomen,  whilst  in  the  act  of  in'inatin*?.  lie  coni])leted  tlie  evacuation 
of  his  bladder,  and  with  difliculty  returned  to  the  ward.  On  examination,  he 
was  in  a  state  of  cona|)sc,  the  lips  were  pallid,  the  pulse  was  lao  and  thready, 
and  the  temperature  subnormal.  The  alxlomen  Avas  tender  all  over,  and  did 
not  move  freely,  lie  vomited  once  shortly  after  the  onset  of  the  pain.  A  slight 
result  followed  an  enema,  but  no  flatus  was  passed.  At  2  p.m.  a  catheter  was 
passed.  The  specimen  of  urine  was  cloudy,  alkaline,  and  contained  pus,  triple 
phosphates,  and  numerous  bacteria.  The  collapse  passed  off  during  the  after- 
noon, the  temperature  rising  to  100°.  The  pulse,  however,  became  weaker 
and  more  rapid.  The  pain  and  tenderness  tended  to  become  localized  in  the 
left  lower  quadrant  of  the  abdomen. 

Oj^eration  was  performed  thirteen  hours  after  the  onset  of  the  sym- 
ptoms. A  vertical  incision  was  made  through  the  left  rectus,  below  the 
level  of  the  imibilicus,  and  prolonged  upwards  later  on.  The  omentum 
extended  into  the  pelvis,  and  its  extremity  was  inflamed.  The  pelvic  coils  of 
the  small  intestine  were  in  a  similar  condition.  The  appendix  being  suspected, 
a  search  was  made  for  it.  The  caecum  was  thoroughly  ex2:)oscd,  but  no  intra- 
peritoneal appendix  could  be  found.  The  cjecimi  was  not  inOamed.  After 
a  thorough  search,  and  only  after  the  pelvis  was  emptied,  a  tiny  perfora- 
tion was  found  low  down  on  the  peritoneal  surface  of  the  bladder.  It  was 
surrounded  by  pale  yellow  lymph.  The  opening  was  closed  Avith  catgut 
sutures,  and  a  large  rubber  drainage  tube  was  ])laccd  in  the  rectovesical 
fossa.  The  rest  of  the  incision  was  closed.  The  patient  Avas  unable,  after  the 
operation,  to  retain  a  rubber  catheter,  so  it  Avas  passed  every  six  hours. 

The  subsequent  course,  except  for  free  suppuration  in  the  abdominal 
Avound,  has  been  uncAcntful. 

This  short  record  is  entitled  "  A  Case  of  Intraperitoneal  Perforation  of 
an  Ulcer  of  the  Urinary  Bladder."  The  case  recorded  by  Lieutenant-Colonel 
Sinclair  White  and  Captain  Wigram  is  an  example  of  ^ir/ra-peritoneal  per- 
foration. .As  these  writers  remark,  perforation  of  a  non-specific  ulcer  is  a 
rare  conditfon.  It  is  interesting  to  remcmTaer  that  such  a  perforation  may  be 
either  intra-  or  extraperitoneal. 
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Collected  Papers  of  the  Mayo  Clinic.      Edited  by  Mrs.  M.  H.  Mellish.      Vol.  VII,  1915. 
Pp.  98.i       xii,  with  28.'i  illustrations.     London  "and  Philadelphia  :  W.  B.  Saunders  Co. 

This  volume,  comprising  the  papers  issuing  from  the  Clinic  in  1915,  follows  the 
lines  of  previous  publications.  Many  of  the  articles  deal  with  questions  which 
were  well  worn  in  earlier  volumes,  such  as  goitre  and  ulcers  of  the  stomach  and 
duodenum  ;  beyond  elaboration  of  operative  detail  in  connection  with  ulcers 
of  the  stomach  there  is  nothing  worthy  of  note  in  the  latter  papers  :  amongst 
those  on  diseases  of  the  thyroid,  there  are  several  interesting  speculative  papers 
on  the  iodine  content  in  goitre  and  on  blood-pressure  in  thyrotoxicosis. 

Dr.  Robinson's  paper  on  chronic  empyema  reviews  most  of  the  methods  adopted 
by  others  for  the  treatment  of  these  verj'  troublesome  cases,  and  will  well  repay 
perusal  by  those  now  dealing  with  such  conditions  resulting  from  gunshot  wounds. 

Two  ver\-  interesting  papers  on  plastic  surgerj'  are  those  by  Dr.  W.  Mayo  on 
wounds  of  the  common  bile-duct,  and  by  Dr.  Charles  Mayo  on  a  most  ingenious 
method  of  closing  a  vesico-vaginal  fistula.  We  are  pleased  to  see  the  last-named 
turning  his  master  hand  to  the  technique  of  operations  for  spina  bifida,  though  the 
paper  contains  only  brief  reference  to  what  has  been  the  most  common  type  iri 
the  writer's  experience  at  a  children's  hospital,  viz.,  meningo-myelocele,  and  there 
Is  no  suggestion  as  to  the  best  method  of  dealing  with  the  posterior  ner\-e-roots  in 
these  verj-  difficult  cases. 

Dr.  Louis  Wilson  contributes  a  practical  paper  on  the  staining  of  sections  of 
living  tissues,  which  shows  that  the  author  has  personally  worked  at,  and  exercised 
Some  original  thought  on,  this  subject.  Sound  experimental  argument  is  the  feature 
of  Dr.  F.  C.  Mann's  study  of  shock,  which  he  endeavours  to  prove  is  coincident  with 
and  dependent  upon  haemorrhage  ;  this  section  of  the  volume  alone  would  save  it 
from  mediocrity,  and  we  are  inclined  to  think  that  on  the  institution  of  their 
Department  of  Experimental  Surgerj-  the  Mayo  Clinic  may  chiefly  base  a  claim  for 
gratitude  from  the  surger\-  of  the  future. 

The  wider  aspects  of  medicine,  and  its  value  and  responsibilities  for  the  national 
welfare,  are  touched  on  by  Dr.  Wilson  in  the  final  paper,  which  deals  with  necropsies 
as  a  Public  Service  :  we  welcome  such  a  departure  from  stereotj-ped  subjects  ^ 
an  intimation  that  the  best  minds  of  Rochester  have  thoughts  outside  publications 
of  less  permanent  worth  if  of  more  immediate  commercial  value.  The  illustrations, 
particularly  that  by  Miss  Ft\'  in  Dr.  William  Mayo's  kidney  paper,  are  in  ever\'  way 
admirable,  and  reflect  credit  no  less  upon  the  surgeon  who  chose  their  subject  than 
upon  the  artist  who  gave  his  thoughts  expression. 


Le  Traitement  des  Plaies  Infectees.  Par  A.  Carrel  et  G.  Dehelly.  Collection  Horizon. 
Pp.   177,  illustrated.     1917.     Paris  :  Masson  et  Cie. 

The  Treatment  of  Infected  "Wounds.  By  A.  Carrel  and  G.  Dehelly.  Translation  by 
Captain  Herbert  Child,  R.A.M.C.  (temp.),  with  Int-odiiction  bv  Sir  Anthony  A. 
BowLBY,  K.C.M.G.,  K.C.V.O.,  F.R.C.S.,  Surgeon-General  A.M.S.  Pp.  238.  1917. 
London  :    Ballicre,  Tindall  &  Cox.     5s.  net. 

This  is  an  excellent  book,  and  its  appearance,  both  in  its  original  French  and  its 
subsequent  English  form,  is  most  opportune.  All  the  military'  medical  world  is 
talking  of  the  Carrel  treatment,  and  no  inconsiderable  part  of  it  is  putting  it  into 
practice— not  always,  it  is  to  be  feared,  exactly  in  the  form  of  which  its  illustrious 
author  would  approve.     This  small   volume   gives  the  most   exact  details  of  the 
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method,  and  points  out  all  the  pitfalls  and  how  they  are  to  be  avoided,  and  hence 
it  should  be  in  the  hands  of  every  one  who  is  called  upon  to  treat  war  wounds.  It 
forms  indeed  the  gospel  according  to  Carrel,  and  no  other  instructions  for  the  treat- 
ment that  we  have  seen  can  be  compared  to  it  for  wealth  of  detail,  lucidity,  or,  of 
course,  accuracy.  Indeed,  judging  by  some  of  the  instructions  for  carrying  out  the 
method  that  we  have  seen  issued  elsewhere,  this  book  will  make  clear  to  many  for 
the  first  time  what  Carrel's  treatment  really  is.  It  is  quite  possible  that  the 
"  tendency  to  modify  details  "  to  which  Sir  Anthony  Bowlby  refers  in  his  preface 
to  the  English  translation,  and  which  he  rightly  deprecates,  is  due  rather  to  ignorance 
of  what  Carrel  regards  as  the  essential  points  in  the  method  than  to  any  desire  to 
'improve'  upon  the  work  of  its  distinguished  author.  At  any  rate  there  will  be 
no  excuse  for  blundering  in  future,  for  the  book  leaves  no  loophole  for  ignorance. 

The  'Carrel  treatment'  is  perhaps  the  most  outstanding  example  of  what  can 
be  done  to  solve  a  clinical  problem  when  the  research  is  carried  out  in  the  right 
manner.  It  is  a  triumphant  combination  of  bacteriological,  chemical,  and  clinical 
observation  and  experiment,  and  should  bring  about  a  closer  working  association 
between  the  laboratory  and  the  clinical  sides  of  research,  which  have  unfortunately 
been  too  much  separated  in  the  past.  Many  an  investigator  in  this  war  has  found 
to  his  chagrin  that  methods  which  appeared  to  work  admirably  in  the  laboratory, 
and  which  were  therefore  somewhat  rashly  recommended,  broke  down  hopelessly 
when  the  clinical  test  was  applied. 

It  is  to  be  hoped  that  the  success  achieved  in  the  '  Hopital  Temporaire  No.  21,' 
which  may  not  unjustly  be  regarded  as  an  experimental  hospital  set  aside  for  the 
purpose  of  investigating  the  treatment  of  wounds,  will  render  the  Army  Medical 
Departments  of  the  whole  civilized  world  thoroughly  alive  to  the  importance  of 
purely  experimental  research  work  in  the  field,  and  that  a  sufficient  number  of 
hospitals  of  this  kind  will  be  provided  in  future,  where  the  stay  of  the  patient  is  not 
subject  to  military  exigencies,  and  where,  therefore,  important  medical  problems 
will  have  a  better  chance  of  being  solv-ed  than  is  possible  under  the  conditions  of 
rapid  and  repeated  evacuation  to  which  patients  are  still  exposed  in  the  present 
■war,  even  at  the  base  hospitals  in  France. 

Concerning  the  method  itself,  this  is  hardly  the  time  to  speak  at  all  unreservedly. 
That,  under  favourable  circumstances,  it  will  do  what  is  claimed  for  it  by  its  author, 
no  one  who  has  followed  the  practice  at  Compiegne  or  certain  other  places  can 
doubt.  But  whether  it  is  going  to  do  this  in  the  hands  of  all  and  sundry,  time  alone 
will  show.  The  method  has  encountered  the  usual  fate  of  these  things.  First,  it 
was  ignored ;  then  it  was  said  to  be  a  good  thing  in  skilled  hands,  but  no  use  for  the 
general  ;  now  it  is  entering  the  penultimate  stage — the  stage,  that  is,  in  which 
everj'one  is  doing  it.  And  so  we  shall  work  on  to  the  final  stage,  when  it  will  be 
possible  to  get  a  true  perspective  and  to  estimate  its  real  value.  In  the  meanwhile 
this  volume  will  lead  many  into  the  straight  path,  and  prevent  their  footsteps 
from  straying. 

The  book  is  admirably  written,  and  has  been  excellently  translated  by  Dr. 
Herbert  Child.  It  is  delightfully  clear  and  easy  to  read  in  either  language.  Sir 
Anthony  Bowlby  furnishes  the  English  translation  with  an  Introduction  on  the  value 
of  the  method,  and  he  sounds  a  rather  more  optimistic  note  than  a  good  many 
critics  would  venture  upon,  especially  since  his  remarks  apply  only  to  cases  at  the 
front,  and  deal  only  with  the  comparatively  short  time  during  which  the  method 
has  been  actively  employed  in  the  British  Army,  i.e.,  since  the  late  autumn  of  1916. 
The  real  value  of  Carrel's  method  as  a  war  treatment  must  stand  or  fall  according 
to  the  results  secured  by  military'  surgeons  in  general,  and  not  by  what  it  can  achieve 
in  the  hands  of  skilled  individuals.  Nothing  in  this  war  has  been  more  striking  to 
an  onlooker  who  has  had  the  opportunity  of  seeing  the  practice  of  many  men  than 
the  importance  of  the  personal  factor  in  the  success  or  failure  of  various  lines  of 
treatment.  The  only  imsatisfying  point  about  the  book  before  us  is  that  it  does 
not  contain  statistics  of  a  large  number  of  cases  treated  by  the  rank  and  file  of  the 
profession.  From  the  nature  of  things  this  could  not  be  expected ;  but  the  book 
"wiJI  certainly  be  the  means  of  rendering  such  statistics  available  before  very  long. 
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1529-1568. 

John  Halle  belongs  to  that  band  of  educated  surgeons  who  endeavoured 
during  the  reign  of  EHzabeth  to  raise  the  status  of  surgery  in  England  and 
to  restrain  quacks.  Vieary,  Gale,  Clowes,  Banister,  and  Read  were  the 
leading  spirits  in  the  crusade — all  men  worthy  of  the  utmost  reverence 
from  us,  their  successors  ;  for  when  the  lamp  of  surgery  was  burning  very 
dimly  in  England,  they  replenished  it  and  handed  it  on  newly  trimmed. 
Vieary,  Gale,  and  Clowes  were  London  surgeons  ;  Halle,  Banister,  and  Read 
practised  in  the  provinces,  yet  were  in  close  touch  vnth  their  colleagues  and 
friends.  They  formed  a  little  band,  working  to  a  common  end  and  intro- 
ducing each  others  books  with  eulogies  in  very  bad  verse.  All  were  members 
of  the  United  Company  of  Barbers  and  Surgeons  created  in  1545  ;  indeed  it 
is  possible  that  the  imion  of  the  Guild  of  Surgeons  and  the  Company  of  Barbers 
was  in  part  due  to  the  direct  efforts  of  the  older  members. 

Halle  and  Read  have  proved  themselves  the  most  elusive  of  the  band  ; 
of  Vieary,  Gale,  and  Clowes  some  memorials  still  exist.  The  utmost  diligence 
of  Mr.  J.  H.  Allehin.  the  Chief  Curator  and  Librarian  of  the  Museum  and  Public 
Library  at  Maidstone,  only  shows  that  Halle  was  implicated  in  Wyatt's 
Rebellion  in  1554,  for  which  he  was  imprisoned  but  subsequently  pardoned 
and  released  ;  that  he  died  in  October,  1568,  at  the  age  of  39  ;  and  that  he 
Avas  buried  in  All  Saints'  Church  in  his  native  town.  From  his  own  writings, 
we  know  that  he  practised  in  Maidstone,  where  he  was  held  in  respect  by 
his  fellow-townsmen  ;  that  he  was  a  stout  Protestant,  as  might  have  been 
expected  from  his  implication  in  Wyatt's  rebellion  ;  that  hb  was  married, 
his  wife  dying  on  June  16  (?  1561)  ;  that  he  was  gifted  with  a  keen  sardonic 
humour  ;   that  his  beard  was  black  and  he  was  of  a  choleric  temperament. 

The  work  done  by  Halle  in  his  short  life  was  considerable,  and  he  must 
have  begun  it  early,  for  in  1550  he  complains  that  '"  certayne  chapters  taken 
out  of  the  Proverbes  of  Solomon  with  other  chapters  of  Holy  Scripture  and 
certayne  Psalmes  of  David  translated  (by  him)  into  English  metre  "  had  been 
unfairly  attributed  to  Thomas  Sternhold,  and  at  this  time  he  was  not  more 
than  twenty  years  old.     His  extant  works  are  : — 

1.  A  small  quarto  volume,  "  imprinted  at  London  in  Flete  Streate 
nyghe  unto  Saint  Dunstanes  church  by  Thomas  Marshe  An.  1565,"  con- 
taining :  (a)  A  translation  of  Lanfrank's  smaller  surgery  ;  (6)  An  expositive 
table  of  the  strange  words  used  by  Lanfrank,  amongst  which  is  'algebra'  : 
"  This  Arabye  worde  Algebra  sygnifieth  fractures  (as  of  bones  &c.)"  ;  (c)  A 
treatise  of  anatomy,  in  three  parts  ;  {d)  An  Historiall  Expostulation  against 
the  Beastly  Abusers  bothe  of  Chyrurgerie  and  Physyke  in  oiire  time.  The  last 
tract  is  priceless  as  a  picture  of  the  times,  and  of  Halle's  method  of  treating 
quacks.     It  was  republished  by  the  Percy  Society  in  1844,  when  it  was  edited 
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by  T.  J.  Pcttigrcw.  Prefixed  to  this  volume  is  a  portrait  of  John  llalle.  with 
the  date  15C4  and  the  inscri|)tioii  "  J.  H.  anno  utatis  sua*  .'35. "  It  represents 
him  with  a  jewelled  ring  on  the  right  index  finger,  wearing  the  cap  of  a 
Master  of  Surgery,  and  in  his  hand  a  sprig  of  Aetch. 

2.  In  the  same  j'ear  he  issued  The  Courte  of  Vertiie  containing  many  Holy 
or  spiritual  songs,  sonnettes,  psalmes,  Ballets  and  short  sentences  as  ivell  as  of 
Holy  Scriptures  as  others  xvith  Music  notes,  16mo.  The  Courte  of  Virtue  is 
nearly  as  good  as  the  Historiall  Expostulation,  and  it  is  one  of  the  class  of  books 
which  made  the  early  puritans  acceptable  to  the  people,  for  it  set  the  scrip- 
tures to  tunes  which  could  readily  be  sung,  whilst  it  satirized  with  no  sparing 
hand  the  foibles  of  the  time. 

3.  A  volume  of  manuscripts  which  once  belonged  to  John  Halle  still  remains 
unpublished  at  the  Bodleian  Library.  It  contains  amongst  other  things  a 
translation  of  Benedictus  Victorius  on  Syphilis,  conceived  on  the  same  lines 
as  the  translation  of  Lanfranc. 

Halle  says  of  the  Lanfranc,  that  "  it  was  translated  oute  of  French  into 
the  olde  Saxony  English  about  two  hundred  years  past,  Avhich  I  haue  nowe 
not  only  reduced  to  our  nsuall  speache  by  changying  or  ncwe  translating  suche 
words  as  nowe  be  inveterate  and  growne  oute  of  knowledge  by  process  of  tyme, 
but  also  conferred  my  labours  in  this  behalf  with  other  copies  both  in  French 
and  Latinc  ;  namely  with  Maister  Bacter  for  his  latine  copy  and  Symon  Hudie 
for  his  french  copie  and  other  English  copies  of  the  which  I  had  one  of  John 
Chamber  and  another  of  John  Yates  both  very  ancient."  A  comparison  of 
Halle's  translation  with  the  editions  of  Lanfrank  published  in  1380  and  1420 
shows  that  it  does  not  correspond  with  either,  e\-en  if  allowance  be  made  for 
a  process  of  severe  editing  at  Halle's  hands.  The  statement  is  valuable, 
because  it  gives  a  possible  clue  to  the  mystery  surroimding  the  origin  of 
The  Englishnitin's  Treasure  published  by  Vicary  a  few  years  earlier. 

The  Anatomy  is  a  mere  compilation  of  mediaeval  knowledge,  without 
reference  to  the  newer  teaching  of  Vesalius  which  had  already  been  accessiV^le 
for  nearly  a  quarter  of  a  century.  Halle  says  that  he  was  encouraged  to  pub- 
lish it  "  by  the  example  of  good  Maister  Viearie,  late  sargeaunte  chirurgian  to 
the  Queen's  highness  who  was  the  first  that  ever  wrote  a  treatyse  of  Anatomye 
in  English  (to  the  profite  of  his  brethren  chirurgians  and  the  helpe  of  younge 
studentcs)  as  farre  as  I  can  learne." 

The  real  value  of  Halle's  work  lies  in  his  determined  attempt  to  advance 
the  social  position  of  the  surgeon,  by  insisting  upon  a  higher  standard  of 
education  for  the  apprentice,  a  knowledge  of  medicine  as  well  as  sm-gery  by 
the  practitioner,  and  a  rigid  suppression  of  quackery  by  the  United  Company. 
The  union  of  Barbers  and  Surgeons  was  still  so  recent  that  the  commercial 
spirit  of  the  Barbers  remained  in  the  ascendant,  and  the  United  Company 
was  rather  too  ready  to  increase  its  numbers  without  regard  to  the  education 
or  even  to  the  character  of  the  candidates  for  admission.  Medicine  had  become 
entirely  divorced  from  surgery,  and  in  the  absence  of  scientific  knowledge 
quackery  was  rampant.  Each  of  these  conditions  is  amusingly  exposed  in 
Halle's  writings.  He  says,  in  reference  to  the  aj)prenticeship  system  :  "  For 
truly  there  are  many  that  take  servauntes  and  apprentices  not  for  to  teach 
them  science  but  only  to  be  their  drudge  and  to  doe  their  toylc  and  labore, 
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which  is  the  cause  that  so  many  come  oute  of  their  yeares  so  ignoraunt.  For 
their  interest  is  to  have  servauntes  to  dooe  their  toyle  in  their  house  and  not 
to  make  them  cunnyng  men  ;  yea,  and  some  will  refuse  a  young  man  that  is 
learned  and  apt  to  imderstande  to  have  an  ignoraunte  slave  to  beare  the  water 
tankard  and  scoure  pannes  ;  such  an  one  (as  the  common  pro\erb  is)  that 
will  never  doe  a  man  of  science  harme  unles  he  steale  away  his  dynner." 

The  antagonism  of  medicine  to  surgery  is  referred  to  in  the  following 
manner :  "  For  as  physicians  thynke  their  learning  sufficient  without  practice  or 
experience  so  the  chirurgien  for  the  moste  parte,  having  experience  and  practice, 
thinketh  it  unnedeful  to  have  any  learning  at  all  which  also  hath  boldened 
every  ignoraunt,  rusticall,  yea,  and  foolish  woman  to  think  themselves  suffi- 
cient to  professe  and  worke  in  so  noble  and  worthy  an  arte." 

The  attempt  to  consolidate  medicine  and  surgery  failed,  as  it  had  already 
failed  in  1421,  and  only  became  an  accomplished  fact  in  England  in  1886,  when 
the  Royal  College  of  Physicians  agreed  with  the  Royal  College  of  Surgeons 
to  establish  a  conjoint  examination.  The  efforts  of  Halle  and  his  friends 
bore  some  fruit,  however,  for  in  1566,  the  year  after  the  Historiall  Expostulation 
was  published,  Thomas.  Hall — his  yoimger  brother — was  given  an  Exhibition 
by  the  Barber  Surgeons  of  40s.  "  towards  hys  studie  in  the  Unyversitie  for 
surgery  annexynge  physicke  thereunto  and  thereby  to  profit  his  other 
brethren  by  readynge  lectures  unto  them  in  the  Comon  Hall."'  Thomas ^all 
made  good  use  of  the  start  thus  given  to  him.  He  was  of  Broadgates  Hall, 
Oxford  ;  obtained  a  licence  in  medicine  March  17,  1571-2  ;  was  appointed 
Dissector  of  Anatomy  at  the  Barber  Surgeons'  Hall  iji  1577  ;  graduated  M.D. 
at  Oxford  in  1581  ;  and  was  chosen  a  Fellow  of  the  College  of  Physicians  in 
1585. 

Writing  of  quacks,  John  Halle  says  :  "  Thcr  came  into  the  towne  of 
Maydstone  in  the  yere  of  our  Lorde,  1555,  a  woman  whiche  named  hir  selfe 
Jone,  havyng  with  hyr  a  walkyng  mate  whom  she  called  her  husbande.  This 
wicked  beaste  toke  hir  inne  at  the  sygne  of  the  Bell  where  she  caused  to  be 
published  that  she  coulde  heale  all  manner  both  inward  and  outward  diseases. 
This  beastlie  deceaver  amonge  manie  others,  tooke  in  hand  an  honest  mans 
child  who  had  a  suppurat  tumour  in  his  navell,  percynge  dangerously  the 
panicles  of  the'  belye,  to  whom  she  administered  a  powder  [made  of  the  herbe 
daphnoydes  and  anise  seed  together]  in  great  quantite  in  so  much  that  the 
chiide  dyd  vomite  eontinualle  for  the  space  of  halfe  a  daye  and  more  withute 
ceassynge  whereby  the  said  aposteme  brake.  The  ehildis  parentes  did  send 
for  me  to  know  therein  myne  opinion  and  counsell  :  vmto  whom  I  prognos- 
ticated (as  I  sawe  good  cause)  that  the  matter  was  very  dangerous  and  not 
lyke  to  be  cured.  But  this  beastly  forme  of  a  woman  hearyng  me  so  saye 
answered  that  she  douted  therein  no  daunger  and  farthermore  offered  hirselfe 
to  be  locked  up  in  a  chamber  with  the  ehylde  and  that  yf  shee  healed  him 
not  shee  myghte  be  punished  ;  with  a  great  deal  more  circumstance  of 
prating  and  dyceytfull  bi-aggynge  wordes.  Unto  whose  moste  wicked  and 
divlishe  boldness  I  thus  answered.  Whcr  as  you  saye  that  ye  doubte  not 
any  daunger  in  this  chiide  I  verj'e  well  beleve  you,  for  ignorante  fooles 
can  doubte  no  perils,  and  Avho  is  bolder  than  biynde  bayerd  ?  how  shoulde 
they  doubte  that  knowe  not  what  a  doubt  meaneth  ?     Nothwithstandynge, 
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this  prchcniinence  you  deceavynge  renncgates  have,  ye  mayc  bragge,  lye  and 
face  tyll  yc  have  nmrdcred  or  destroyed  suehe  as  eredyte  you  and  then  are  ye 
gone,  ye  shewe  your  heles  and  that  is  onelye  your  defence.  But  honest  menne 
of  arte  muste  have  truthe  for  theyr  defence  and  maye  promyse  no  more  than 
they  may  performc. 

*'  What  should  I  make  manye  wordes,  the  parentes  of  the  childe  all  to 
late  discharged  this  deceaver  and  the  child,  notwithstandyng  the  counsell  had 
of  dyvers  learned  men,  dyed  afterwards  of  the  sayde  grefe.  But  the  sayde 
deceaver  accordyng  to  my  prophesie,  after  iij.  dayes  ran  away,  she  and  her 
walkying  mate  robbynge  their  hoste  where  they  lay  of  the  shetes,  pillow-beres 
and  blankets  that  they  lave  in  and  they  hadde  muscadell  served  them  instede 
of  here  whyle  they  laye  there  for  the  moste  parte. 

"  Secondly  in  the  yere  of  our  Lord  1556  there  resorted  unto  Maydstonc 
one  Robert  Harris  who  could  tel  by  only  lokyng  in  ones  face  all  secrete  markes 
and  scarres  of  the  bodye  and  what  they  had  done  and  what  hadde  chaunced 

luito  them  all  theyr    lyfe    tyme  before Well  for  jestyng  a  lyttell 

agaynste  the  madnes  of  thys  deceaver,  I  hadde  a  dagger  drawn  at  me  not 
longc  after."  Halle's  jesting  on  quacks  was  mordant,  so  the  attempt  on  his 
life  was  well  justified  in  the  eyes  of  his  victim. 

"  Thyrdlie  in  the  year  of  our  Lord  a  thousand  fyve  hiuidred  and  fyftic 
and  eight  there  came  to  Maydstonc  one  Thomas  Lufkyn  the  beastliest  beguiler 
by  his  sorcerys  that  ever  I  hetd  of,  making  physike  the  onely  colour  to  cover 
all  his  crafty  thefte  and  mischieves.  This  vileyne  coulde  wyth  a  wodden  face 
bragge,  face  and  schoutc  his  maters  wyth  bould  talke  that  the  symplc  people 
wer  by  him  marvelously  seduced  to  beleve  his  lies  and  boastinge  tales. 

"  Fourthlyc  in  the  yeare  of  our  Lorde  a  thousand  fyve  hundred  and  three 
score,  one  Valentyne  came  into  a  parish  in  the  wolde  of  kentc  called  Staple- 
hurst  callynge  hymself  Master  Wynkfylde  affirmynge  hymselfe  to  be  the  sonne 
of  a  worshipful  knight  of  that  name.  But  as  tyme  revealcth  all  thynges  so 
this  devylyshe  beastc  in  shorte  tyme  was  knowne  in  his  righte  kynde  and 
name  :  and  that  he  had  iij  wyves  lyving  at  that  present,  of  which  the  first 
lyved  very  poorelye  and  myserably  in  Canterbury  :  the  second  after  she  knewe 
his  wickednes,  departed  from  him  and  maried  after  with  a  jireste  :  the  third 
which  he  at  that  present  had,  he  maried  at  Westmynster,  being  there  a  riche 
widowe." 

So  there  are  many  other  entertaining  accounts,  full  of  detail,  about  quacks 
and  their  ways  ;  but  in  the  end  Halle  returns  to  his  original  theme,  and  declares 
his  faith  in  these  words  :  "  As  I  would  therefore  that  all  chirurgians  shoiilde 
be  learned,  so  woulde  I  have  no  man  thinke  him  selfe  lerncd  otherwise  than 
chiefly  by  experience  ;  for  learning  in  chinirgery  consisteth  not  in  speculation 
only,  nor  in  practice  only,  but  in  speculation  well  practised  by  experience. 
Therefore  when  we  saye  that  a  chirurgian  muste  firste  be  lerned  and  then 
worke,  it  is  not  ment  that  any  man  by  the  reading  of  a  booke  or  bokes  onlye, 
may  lerne  how  to  worke  for  trulye  that  hath  caused  so  many  deceivinge 
abusers,  as  there  are  at  this  daye." 
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METHODS   AND    RESULTS    OF    TRANSPLANTATION    OF    BONE 
IN    THE    REPAIR    OF    DEFECTS    CAUSED    BY    INJURY 

OR    DISEASE. 

By    ERNEST    W.    HEY    GROVES. 

I. — HISTORY     AND     LITERATURE. 

The  transplantation  of  bone,  depending  as  it  does  upon  the  fundamental 
facts  of  bone  structure  and  g^o^\'th,  has  been  the  subject  of  much  experimental 
and  clinical  work,  which  during  recent  years  has  received  a  great  impetus 
by  reason  of  the  improvements  of  surgical  technique  and  the  |K)ssibilities  of 
excluding  septic  infection.  But  although  many  painstaking  observations 
have  been  made,  the  theoretical  aspect  of  the  question  is  still  a  matter  of 
strongly  divided  opinion.  So  divergent  indeed  arc  the  views  held  by  leading 
workers,  that  a  feeling  something  akin  to  despair  is  aroused  in  the  mind  of 
the  seeker  after  truth— not  so  much  by  mere  differences  of  opinion  amongst 
the  observers,  but  by  the  apparent  contradiction  of  the  facts  observed. 
Yet  in  sharp  contrast  to  the  antagonistic  state  of  opinion  about  the  theory 
of  bone  growth,  there  has  slowly  emerged  a  most  healthy  and  encouraging 
luianimity  in  regard  to  the  practical  aspect  of  the  subject.  This  leads  to  the 
conclusion  that,  as  the  preliminarj'  collection  of  experiences  and  observations 
has  afforded  foundation  for  a  very  solid  superstructure  of  practical  results, 
therefore  the  foundation  must  after  all  be  both  solid  and  lasting.  And 
instead  of  gi^^ng  up  in  despair  all  attenipts  to  reconcile  conflicting  evidence, 
the  student  is  encouraged  to  go  back  and  examine  piece  by  piece  the  work 
that  has  been  done  ;  and  he  will  certainly  be  rewarded  for  this  by  finding 
that  in  reality  truth  itself  has  been  immutable,  and  differences  of  opinion 
have  arisen  from  the  bias  of  preconceived  views,  and  from  a  narrowness  of 
outlook  which  can  now  be  corrected. 

Havers.i  whose  name  has  ever  since  been  identified  with  the  vascular 
canals  in  bone,  in  1692  gave  the  first  accurate  accoinit  of  osseous  structure, 
and  he  described  the  periostcimi  as  simply  a  connective-tissue,  limiting,  and 
vascularizing  membrane.  Antoine  de  Heydei  in  1684  published  the  first 
experimental  observations,  made  on  frogs,  and  came  to  the  conclusion  that 
callus  was  formed  by  calcification  of  blood- clot  extra vasated  roimd  the  broken 
bone  ends. 

It  was,  however,  in  the  middle  of  the  eighteenth  century  (1739-1743)  that 
the  first  systematic  work  on  this  subject  was  carried  out  by  Duhamel,i  who 
was  the  originator  of  the  modern,  generally  accepted  theory  of  the  function 
of  the  periosteum.  In  his  view  the  periosteum  became  thickened  and  suc- 
culent roimd  a  fracture,  and  by  pushing  the  new  tissue  in  amongst  the  frag- 
ments it  formed  the  callus.      He  it  was    who  founded  the  term  'cambium 
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layer'  of  the  periosteum  which  is  now  in  evcry-day  use,  especially  in  German 
literature.  Eighteen  years  later,  Troja^  produced  experimental  necrosis  of 
the  long  bones  by  introducing  foreign  bodies  into  the  medullary  cavity,  and 
described  the  formation  of  new  bone  between  the  iieriosteum  and  the  dead 
shaft. 

A  century  after  Duhamel,  after  many  less  remembered  works  and  dis- 
cussions on  the  subject  had  ai)i:)eared,  came  the  great  work  of  011ier2  (18G7), 
which  remains  to-day  a  classic  of  surgical  literature.  Ollier's  work  was 
so  thorough  and  so  careful,  that  his  conclusions  have  attained  an  almost 
unassailable  position.  Unfortunately,  that  part  of  his  work  which  related 
to  the  apparent  osteogenetic  function  of  the  periosteum  has  taken  so  firm 
a  hold  upon  surgical  teaching,  that  the  remainder  has  been  overlooked  or 
forgotten. 

During  the  last  fifty  years,  as  a  part  of  the  growth  of  modern  surgery, 
many  experimental  and  clinical  observations  have  been  made  as  to  the 
behaviour  of  transj)lanted  bone  and  the  results  obtained  by  its  use.  For 
the  most  part  these  have  been  isolated  exam})les,  often  regarded  as  curiosities 
or  rarities  of  surgical  daring,  not  calculated  to  lead  to  any  practical  modifi- 
cation of  routine  surgical  practice.  But  there  have  been  three  men  since 
Oilier  whose  work  has  marked  an  epoch  in  our  knowledge.  These  arc  Barth, 
Axhausen,  and  Macewen. 

Barth'5  in  1893  showed  that  in  spite  of  the  smooth  healing  of  bone-grafts, 
the  greater  part  of  the  cellular  contents  of  the  transplanted  bone  imderwent 
necrosis,  and  he  went  so  far  as  to  deny  that  there  was  any  difference  between 
the  behaviour  of  a  graft  of  living  bone  taken  from  the  same  animal,  that 
from  another  animal,  or  boiled  and  devitalized  bone.  But  as  he  has  since 
abandoned  this  extreme  view,  we  may  ignore  it,  whilst  still  placing  to  his 
credit  the  observation  of  the  fact,  now  generally  admitted,  that  the  greater 
mmiber  of  the  cells  of  the  compact  tissue  of  a  bone-graft  actually  die. 

Axhausen'*  in  1898,  dominated  by  the  idea — then  universally  held — that 
the  periosteum  was  the  principal  agent  in  osteogenesis,  collected  a  number 
of  clinical  and  experimental  facts  which  he  took  to  prove  that  both  the 
periosteum  and  the  endosteum  in  grafts  survive  transplantation,  though  the 
cells  of  the  compact  bone  die.  His  evidence  was  so  convincing  that  Barth 
abandoned  his  idea  of  a  bone-graft  being  a  dead  scaffold,  and  admitted  that 
a  living,  periosteum-covered  graft  took  an  active  share  in  bone  regeneration. 

Then,  in  1911,  Macewen  produced  his  work  The  Grorcth  of  Bone, ^  which 
with  direct  and  almost  staggering  simplicity  tended  to  overturn  all  our  views 
of  osteogenesis.  He  denied  that  the  periosteum  was  anything  but  a  limiting 
membrane,  and  he  ascribed  to  the  osteoblasts  all  the  phenomena  of  bone 
growth  and  repair.  Unfortunately  Macewen  was  content  to  record  his  own 
observations,  without  attempting  to  explain  their  apparent  discrepancies  with 
those  made  elsewhere,  and  it  has  been  left  for  others  either  to  attempt  this 
task,  or  to  content  themselves  with  tabulating  lists  of  divergent  views,  and 
the  apparently  contradictory  facts  upon  which  these  views  are  founded. 

Since  the  appearance  of  Macewen's  volume,  many  other  papers  have 
appeared,  for  the  most  part  confirming  what  he  demonstrated,  but  to  some 
extent  confuting  it.     It  seems  quite  possible,  however,  at  the  present  moment 
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to  collect  tocrether  the  principal  writings  on  this  subject,  and  by  a  critical  exam- 
ination of  the  facts  presented,  to  build  up  a  perfectly  consistent  narrative  of 
the  sequence  of  events  in  bone  growth  in  relation  to  grafting.  .  Although  at 
present  the  opinions  of  the  various  protagonists  may  appear  to  be  widely 
divergent,  yet  all  the  facts  ujjon  which  they  base  their  conclusions  are  sus- 
ceptible of  a  harmonious  interpretation.  In  the  attempt  to  make  this 
critical  examination,  it  will  be  convenient  to  summarize  the  work  of  Oilier, 
Barth,  Axhausen,  and  Macewen,  then  to  present  a  unified  statement  of  the 
stages  in  the  history  of  a  bone-graft  as  deduced  from  these  observations, 
and  lastly  to  refer  briefly  to  some  of  the  other  more  recent  literature  in  its 
bearing  upon  the  points  in  question. 

Ollier's    Work. 

Oilier  has  embodied  his  observations  in  two  vohmies,  entitled  Traite 
Experimental  ct  Clinique  de  la  Regeneration  des  Os,  published  in  Paris,  1867. 

It  Avill  only  be  necessary  for  the  present  purpose  to  summarize  the  con- 
tents of  the  first  volume  dealing  with  the  experimental  work.  The  clinical 
practice  of  those  days,  not  being  subject  to  confirmation  cither  by  the  micro- 
scope or  by  the  .r  rays,  does  not  lend  itself  to  critical  examination.  His 
experiments  were  performed  mostly  on  quite  yoimg  dogs  and  rabbits.  His 
actual  observations  were  as  follows  : — - 

1.  A  flap  of  periosteum  lifted  from  the  tibia,  but  left  attached  at  its  base 
to  the  bone,  turned  round  a  muscle,  produced  a  ring  of  bone. 

2.  The  same  experiment  was  repeated,  but  the  base  of  the  flap  was 
divided  after  four  days  :    a  bony  ring  was  formed. 

3.  A  flap  of  periosteimi,  taken  from  the  tibia,  and  transplanted  into  the 
frontal  region,  within  forty  days  formed  a  new  bone  with  a  distinct  medullary 
cavity. 

4.  A  dura-mater  flap,  transplanted  into  the  groin,  produced  a  scanty  bone 
deposit. 

5.  A  flap  of  periosteum,  if  scraped  on  its  deep  surface,  does  not  produce 
bone. 

6.  An  emulsion  made  from  the  scrapings  from  the  deep  surface  of  the 
periosteum,  transplanted  into  the  thigh,  produces  small  bone  nodules. 

7.  In  the  formation  of  new  bone  from  periosteum,  sometimes  cartilage 
precedes  bone  formation  and  sometimes  not, 

8.  A  mild  degree  of  suppuration  does  not  prevent  osteogenesis, 

9.  Free  transplantation  of  marrow  tissue  does  not  produce  new  bone. 
10.  After  amputation  through  the  middle  of  a  long  bone,  a  thin  metal 

cylinder  was  introduced  into  the  marrow  cavity,  and  this  became  filled  with 
new  bone. 

11.  If  the  periosteum  is  stripped  from  a  bone,  the  latter  regenerates  a 
new  periosteum. 

12.  If,  after  the  removal  of  the  periosteum,  the  bone  is  scraped,  the 
formation  of  new  periosteimi  is  prevented  or  retarded. 

13.  New  periosteum  formed  from  old  bone  can  also  in  its  turn  reproduce 
new  bone,  though  not  so  freely  as  in  the  case  of  normal  periosteum. 
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14.  If  bone  is  deprived  of  its  periosteum,  it  continues  to  live,  and 
increases  not  only  in  thickness  but  in  length. 

15.  If  bone  is  deprived  both  of  its  jieriosteunx  and  its  marrow,  it  continues 
to  live,  and  its  ends  luidergo  hypertrophy. 

16.  If  bone  is  deprived  of  its  periosteum  and  is  surroinided  by  metal  foil, 
it  still  grows  in  thickness,  by  encroachment  upon  the  marrow  cavity. 

17.  Bone  deprived  of  its  periosteum  and  then  fractured,  unites  by  a 
process  of  normal  callus-formation. 

18.  Section  of  the  nerves  produces  no  effect  upon  the  healing  of  fractures. 

19.  When  a  whole  bone  is  removed  sub])eriosteally  from  a  yoiuig  animal, 
a  new  bone  is  reproduced,  which  is  longer  and  thicker  than  that  removed. 

20.  If  a  whole  bone  is  removed  with  its  periosteum,  no  new  bone  is 
reproduced. 

21.  If  a  joint  is  resected  in  a  young  animal,  with  preservation  of  the 
capsule,  the  joint  is  reproduced.  This  succeeded  best  in  the  elbow  and  the 
knee. 

22.  The  above  experiments  with  young  bones  succeeded  equally  well 
with  long  bones,  flat  bones  (scapula),  and  short  bones  (os  ealcis). 

23.  In  an  adult  dog,  subperiosteal  resection  gave  no  new  bone. 

24.  In  an  adult,  if,  prior  to  resection,  the  periosteum  is  stimulated  (by 
cutting  the  periosteum  and  boring  the  medulla  with  a  stylet),  then  a  little 
ossification  results  after  resection. 

25.  If  after  subperiosteal  resection  the  resected  part  is  replaced,  a  more 
massive  bone  than  before  is  produced.  He  attributes  this  to  irritation  of 
the  periosteum,  and  says  that  the  same  thing  happens  if  a  foreign  body  is 
made  to  replace  the  resected  bone. 

26.  He  confirmed  the  experiments  of  Hunter  and  Flourens  proving  that 
the  growth  in  the  length  of  bone  is  from  the  ends  of  the  diaphysis,  and 
showed  that  in  all  long  bones  the  rate  of  growth  is  always  much  greater  at 
one  end  than  at  the  other. 

27.  The  growth  of  cartilage  is  interstitial. 

28.  Destruction  of  the  epiphyseal  cartilage  prevents  the  growth  of  a 
bone  in  length, 

29.  Bone  formed  from  a  free  transplantation  of  periosteum  is  absorbed 
after  a  short  time. 

30:  Periosteal  new  bone  can  be  grafted  from  one  animal  to  another  of 
the  same  species, 

31.  Whole  bones  can  be  grafted  from  one  animal  to  another  of  the  same 
species.  In  such  a  case  the  graft  grows  in  thickness,  but  not  in  length,  and 
the  graft  remains  vascular. 

32.  Fragments  of  bone,  without  periosteum,  will  live  when  grafted. 
Oilier  thought  that  this  only  took  place  after  vital  connection  had  been 
established  between  the  grafts  and  the  periosteal  or  marrow  tissue  of  the  bed. 

Ollier's  investigations  were  thus  much  more  extensive  and  his  views  much 
wider  than  they  might  be  judged  from  quotations  in  recent  literature.  As 
far  as  they  go,  his  experiments  and  figures  are  beyond  criticism,  but  the 
histological  aspect  of  the  subject  was  not  touched  upon,  neither  of  course  was 
any  radiographic  evidence  available.      That  he  took  an  exaggerated  view  of 
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the  role  of  the  periosteum  may  be  tnie,  but  nevertheless  he  quite  clearly  states 
that  the  periosteum  in  flaps  or  in  transplants  is  only  fully  osteogcnetie  in  yoimg 
animals,  and  that  it  is  not  so  in  adults.  He  points  out  that  the  compaet  bone 
can  live,  grow,  and  imdergo  repair,  quite  independently  of  its  covering  mem- 
brane, and  he  shows  that  osteogenesis  lost  in  the  adult  periosteimi  could  be 
revived  by  stimulation  of  the  compact  bone  beneath  ;  he  proved  the  viability 
of  autogenous  and  homogenous  grafts,  and  he  recognized  that  separate  living 
bone  fragments  without  periosteum  could  live  and  grow  in  a  suitable  environ- 
ment. 

Earth's    Work. 

Earth's^  researches  have  nothing  like  the  same  importance  as  those  of 
the  other  three  pioneers  ;  but  they  have  had  a  very  wide  influence,  both  in 
foimding  the  idea  that  bone-grafts  simply  act  as  a  passive  scaffolding,  and 
in  stimulating  further  research  such  as  that  of  Axhausen,  which  has  given  us 
a  much  fuller  knowledge  of  the  details  of  bone  regeneration. 

Earth's  first  papers  (1893)  are  concerned  with  the  microscopic  appearance 
of  pieces  of  bone  placed  in  trephine  openings  in  dogs'  skulls.  In  most  cases 
a  trephine  disc  was  immediately  replaced,  but  in  others  a  bit  of  sterilized 
macerated  bone  was  used  to  fill  the  gap.  His  findings  may  be  summarized 
as  follows  :— 

1.  To  the  naked  eye  there  is  no  difference  between  the  behaviour  of  dead 
and  living  bone-grafts  when  observed  after  comparatively  short  intervals 
(13-61  days). 

2.  The  whole  of  the  substance  of  the  compact  bone  of  a  graft  dies, 
judging  from  the  empty  cell  spaces. 

3.  There  is  great  proliferation  of  connective  tissue  (i.e.,  granulation 
tissue)  from  the  outer  surfaces  of  the  dura  mater.  Eetwcen  this  and  the 
graft  there  appear  islands  of  new  bone  and  areas  of  callus  formation.  (This 
is  only  shown  in  his  figures  in  the  case  of  living  bone-grafts.) 

4.  There  is  absorption  of  the  dead  tissue  of  the  bone-graft,  and  a  forma- 
tion of  new  bone,  which  grows  into  the  graft  from  the  surrounding  living  bone. 

5.  New  bone  is  also  deposited  in  marrow  spaces  of  the  graft  where  these 
lie  open  and  exposed  to  living  tissue. 

6.  New  bone  makes  its  appearance  in  and  around  the  Haversian  canals 
of  the  dead  bone. 

Upon  the  somewhat  slender  foundation  of  these  observations,  Earth 
proceeded  to  build  the  superstructure  of  his  theory  that,  for  grafting  purposes, 
autogenous  living  bone,  Mith  or  without  periosteum,  and  homogenous,  hetero- 
genous, and  macerated  dead  bone,  all  behave  alike.  The  value  of  his  obser- 
vations in  relation  to  the  general  subject  of  bone-grafting  is  vitiated  by  the 
following  facts  :  (a)  They  are  founded  on  the  study  of  the  skull  ;  (6)  They 
only  cover  very  short  periods  ;  (c)  He  assumes,  without  sufficient  evidence, 
that  new  bone  formation  in  relation  to  a  living  graft  all  comes  from  the  sur- 
roiuiding  bone  and  not  from  the  graft  itself.  He  actually  figures  the  following 
elements  of  new  bone  formation  :  callus  between  the  dura  and  the  graft ;  callus 
between  the  graft  and  the  surrounding  bone ;  new  bone  tissue  in  the  enlarged 
Haversian  canals  and  in  the  marrow  tissue  of  the  graft.     Clearlv  anv  or  all 
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of  these  elements  of  new  bone  may  have  been  derived  from  the  hving  graft, 
a  suggestion  which  is  supported  by  the  fact  that  they  are  either  absent  or  not 
apparent  in  his  own  figure  of  the  transplantation  of  a  dead  bone. 

But  though  Barth  himself  has  abandoned  the  view  that  a  dead  and  a  living 
graft  behave  in  the  same  way,  yet  his  work  has  established  the  facts  that  a 
graft  is  slow  and  indolent  in  the  matter  of  growth,  that  the  greater  part  of 
the  compact  bone  dies,  and  that  final  success  in  grafting  depends  very  largely 
upon  the  intimate  contact  of  the  graft  with  the  living  vascular  bone  of  its  bed. 

In  1908  Barth«  admitted  that  living  periosteum-covered  bone  was  the 
best  graft  material  for  securing  active  new  bone  formation,  but  he  maintained 
that,  for  the  mere  filling  of  holes  in  a  skull  or  the  long  bones,  dead  bone  chips 
or  bone  dust  formed  the  best  material.  He  relates  a  remarkable  case  of  a  girl 
of  17,  who  had  had  multiple  spontaneous  fractures.  He  treated  these  on 
different  occasions  by  open  osteotomy,  filling  the  marrow  cavity  with  dead 
bone  dust  {knochen  kohle),  with  vmiform  success.  This  observation  will  be 
referred  to  later. 

Axhausen's  Work. 

In  1908  Axhausen^  published  a  most  careful  and  exhaustive  paper  giving 
an  accoimt  of  146  animal  experiments  in  bone-grafting,  together  with  a  very 
detailed  histological  account  of  his  findings.  His  experiments  included  trans- 
plantation of  pieces  of  bone  into  the  soft  tissues,  and  into  other  bones  ;  auto- 
plastic, homoplastic,  and  heteroplastic  grafting  ;  grafting  of  bone  with  and 
without  ])eriosteum  and  marrow  ;  and  grafting  of  boiled  bone.  He  carried 
out  these  experiments  with  rats,  rabbits,  and  dogs.  His  work  contains  such 
a  wealth  of  detail  that  it  is  difficult  to  do  justice  to  it  in  a  summary.  The 
following  are  his  chief  points  : — 

1.  A  living  periosteum-covered  graft  shows  marked  cellular  proliferation 
under  the  periosteum. 

2.  A  graft  containing  marrow  shows  new  bone  formation  from  the  marrow 
tissue  wherever  this  is  in  contact  with  living  vascular  tissue. 

3.  The  compact  bone  of  a  graft,  whatever  be  its  source,  always  exhibits 
empty  cell  spaces  in  the  greater  part  of  its  extent. 

4.  The  disappearance  of  the  cells  from  the  compact  tissue  of  a  living 
graft  proceeds  from  without  inwards,  and  is  preceded  by  a  shrinking  and 
deformity  of  the  nuclei. 

5.  He  admits,  however  (p.  120),  and  figures  {Fig.  9,  PL  2),  that  certain  areas 
occur  in  the  edge  of  the  compact  bone  where  the  cells  retain  their  staining 
properties.  This  was  seen  best  in  the  pieces  of  bone  close  to  areas  of  periosteum 
or  marrow  which  had  retained  their  vitality.  He  admits  that  it  is  uncertain 
whether  such  areas  may  represent  foci  of  new  bone  production,  though  he 
assumes  in  his  conclusions  that  they  do  not. 

6.  The  dead  compact  bone  is  rebuilt  by  successive  stages  of  absorption 
and  apposition  of  new  bone  formed  beneath  the  periosteum,  from  the 
marrow  tissue,  and  in  the  channels  made  by  new  vessels  which  penetrate 
the  old  dead  bone. 

7.  He  figures  (e.g.,  Fig.  17,  PL  4)  new  bone  laid  down  round  vessels  in 
the  widened  Haversian  canals  of  the  graft.     It  is  not  clear  why  he  assumes 
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that  these  ha\e  all  grown  in  from  outside,  instead  of  having  arisen  from  sur- 
vivals of  the  cells  of  the  original  compact  bone. 

8.  The  periosteimi  has  a  capacity  for  survival,  proUferation,  and  pro- 
duction of  new  bone,  but  it  does  not  survive  in  those  parts  where  muscle  tissue 
or  blood  effusion  prevents  its  organic  growth  to  surrounding  tissues. 

9.  At  the  cut  edge  the  periosteum  shows  a  more  marked  tendency  to 
proliferation  than  elsewhere.  Longitudinal  incisions  of  the  periosteum 
increase  subperiosteal  new  bone  formation. 

10.  The  marrow  is  also  osteogenetic,  but  only  where  it  is  in  immediate 
contact  with  living  tissues,  i.e.,  at  the  cut  ends  or  along  a  split  bone. 

11.  Bone  taken  from  another  individual  of  the  same  species  shows  exactly 
the  same  behaviour  as  one  taken  from  the  same  individual,  but  the  viability 
and  osteogenesis  are  both  of  a  lesser  degree. 

12.  Bone  grafts  without  periosteimi  are  far  inferior  to  those  covered  with 
periosteum,  both  in  viability  and  osteogenesis. 

13.  He  admits,  however,  the  viability  of  pieces  of  nude  bone,  saying  that 
survival  depends  upon  retained  marrow  tissue  and  on  the  existence  on  the  outer 
surface  of  irregular  dejx)sits  of  "  osteogenetic  layers  of  the  periosteimi,"  from 
both  of  which  new  bone  is  laid  down. 

In  1911,  in  a  later  pajx*r,"  Axhausen  adds  certain  valuable  observations 
of  a  clinical  character,  and  he  summarizes  the  differences  between  his  views 
and  those  of  Barth.  In  a  patient,  age  23,  a  graft  of  the  periosteum-covered 
fibula  was  implanted  in  the  shaft  of  the  femur,  the  upper  part  of  which  had 
been  resected  for  a  fibroma.  A  marked  increase  occurred  both  in  the  thickness 
and  density  of  the  graft,  but  this  only  began  after  five  months,  and  was  rapid 
between  the  twelfth  and  eighteenth  month.  He  holds  that  this  delay  was  due  to 
the  time  taken  by  the  substitution  of  the  dead  compact  bone  by  the  periosteal 
new  bone.  In  a  second  case,  a  man  of  31  had  a  piece  of  tibia  grafted  in  place 
of  a  metacarpal.  After  sixty  days  it  became  dislocated,  and  the  end  had  to 
be  removed.  This  specimen  confirmed  his  experimental  findings — i.e.,  there 
was  marked  proliferation  of  cells  under  the  periosteum,  and  especially  at  its 
cut  edge  ;  the  great  mass  of  compact  bone  showed  empty  cell  spaces ; 
and  at  the  cut  edge  of  the  bone  there  was  marked  lacunar  absorption  and 
substitution. 

The  great  and  lasting  value  of  Axhausen's  work  is  the  wealth  of  detail 
which  he  gives  of  the  microscopic  processes  in  bone-grafting.  His  inferences 
from,  and  interpretations  of,  the  structure  he  describes  are  often  open  to  criti- 
cism. That  the  greater  part  of  the  compact  tissue  of  the  graft  suffers  the  loss 
of  its  living  cells  is  fully  conceded  now  by  all  authorities,  but  as  Frankenstein, 
Woolf,  and  David  have  all  pointed  out,  a  certain  number  of  cells  appear  to 
sur\ive,  and  these  are  actually  shown  in  Axhausen's  own  figures.  Then,  again, 
the  assumption  that  the  new  bone  cells  in  the  Haversian  canals  have  all 
migrated  into  the  bone  from  outside  the  graft  is  by  no  means  proved.  That 
Axhausen  is  so  strongly  biased  by  a  preconceived  idea  of  the  osteogenetic 
function  of  the  periosteum  as  to  be  incapable  of  taking  a  fair  view  of  matters 
relating  to  it,  is  shown  by  the  remark  {Archiv.  f.  klin.  Chir.,  1911,  vol.  xciv, 
p.  277)  that  no  tissue  could  be  regarded  as  periosteum  unless  its  osteogenetic 
function  could  be  demonstrated  ! 
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Macewex's  Work. 

Maccwen's'>  conclusions  were  the  result  of  a  very  long  and  wide  experience 
of  the  clinical  events  in  bone  surgery,  and  of  animal  experiments,  chiefly  upon 
dogs.     His  principal  observations  arc  as  follows  : — 

1.  Young  (Ion's  radius  :  resection  of  part  of  the  whole  thickness  of  the 
bone,  leaving  tlu  ixriostcum.  No  bone  was  formed  by  the  periosteum  in  ten 
weeks,  but  the  gap  was  nearly  filled  by  epiphyseal  growth  pushing  the  two 
ends  towards  the  gap,  and  by  proliferation  at  the  cut  ends  of  the  bones. 

2.  Young  dog's  radius  :  resection  of  the  whole  bone,  including  the  epi- 
physeal cartilages,  but  preserving  the  periosteum  No  new  bone  formed  in 
six  weeks. 

3.  4.  Failure  of  periosteal  flaps  to  produce  new  bone. 

5.  Free  periosteal  transplant  produced  only  a  small  nodule  of  bone  in  five 
weeks. 

6.  Removal  of  the  entire  periosteum  did  not  affect  the  life  and  growth  of 
the  bone, 

7.  8,  9.  Silver  rings,  placed  roiuid  a  bone  bereft  of  its  periosteum,  became 
buried  in  new  bone,  w^hich  must  have  arisen  from  the  compact  bony  tissue. 

10,  11.  Portions  of  the  radius  from  two  different  dogs  removed,  broken 
into  pieces,  and  replaced,  exchanging  the  bone  of  the  two  dogs.  This  was 
done  after  remov^al  of  the  periosteum.  Yet  a  massive  piece  of  new  bone  was 
formed  in  each  case.  (In  both  cases  there  is  very  marked  hypertrophy  of  the 
bone  into  which  the  graft  is  made,  and  in  one — Fig.  15  in  Maeewen's  book^ — 
the  massive  bone  is  shorter  than  normal.    These  points  will  be  discussed  later.) 

12,  13.  Homoplastic  grafts  of  the  whole  radius  without  its  periosteum 
exchanged  between  one  dog  and  another.  Perfect  union,  accompanied  by 
decided  thickening  of  the  bones,  occurred  after  eleven  weeks. 

14,  15.  Shavings  of  nude  bone  placed  in  a  gap  in  the  radius  in  two  young 
dogs.  In  both  cases  a  big  mass  of  new  bone  was  formed.  (As  in  10  and  11, 
the  original  bone  fragments  are  much  thickened,  but  the  bone  as  a  whole  is 
shorter  than  normal — in  one  case  by  a  quarter  of  an  inch,  and  in  the  other  by 
fiv-e-sixtecnths  of  an   neh,  in  a  five-inch  bone.) 

16,  17.  Nude  bone  shavings  implanted  into  muscle  and  peritoneum  sur- 
vived, growing  in  one  case  but  atrophying  in  the  other. 

18.  Transplantation  of  bone  dust  showed  no  bone  growth. 

19.  Bone  tissue  was  demonstrated  growing  into  a  piece  of  decalcified 
sponge  placed  in  a  bone  gap. 

20.  21.  A  glass  tube  was  placed  over  the  cut  end  of  a  bone,  and  bone  tissue 
demonstrated  growing  into  the  glass  tube. 

22,  23.  Free  bone  growth  apart  from  periosteum  was  demonstrated  in  two 
human  cases.  In  one  it  formed  inside  an  aneurysm,  the  parent  v  essel  of  which 
had  been  perforated  by  a  bone  spicule.  In  the  other  it  was  formed  in  muscle 
in  relation  to  a  fracture. 

24.  A  piece  of  bone  was  removed  with  its  periosteum  from  the  radius  of  a 
young  dog.  The  gap  became  filled  up,  and  the  new  piece  of  bone  proliferated 
among  the  muscles  surrounding  it. 

25,  26.  Firm  bone  growth  following  re-imi)lantation  of  skull  fragments  in 
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human  subjects  ;    in  one  case  the  piece  was  replaced  as  a  mosaic,  and  in  the 
other  as  a  whole  fragment. 

27.  Subperiosteal  resection  of  the  radius,  leaving  a  quarter  of  an  inch 
of  diaphysis  at  each  end.  After  six  weeks  the  shaft  was  re-formed.  In  the 
operation  the  upper  epiphysis  had  been  damaged,  and  from  this  the  gro^vth 
was  weak  ;    from  the  uninjured  lower  epiphysis  it  was  vigorous. 

28.  Removal  of  the  periosteimi  of  the  radius  and  resection  of  all  the 
diaphysis  except  its  two  ends  ;  the  ends  of  the  bone  were  capped  with  metal 
caps.  After  seven  weeks  the  bone  was  re-formed,  and  the  metal  caps  had 
been  pushed  past  one  another. 

29.  30.  Gro^^•th  in  length  of  bones  arrested  by  excision  of  epiphyseal 
cartilages. 

31.  In  a  boy,  the  humerus  was  lost  by  osteomyelitis.  No  new  growth 
occurred.  On  three  different  occasions  several  bits  of  bone  from  other  chil- 
dren's tibias  were  inserted,  each  graft  being  about  1^  in.  long.  Thirty  years 
later  the  humerus  was  entire,  11  inches  long;  the  grafted  portion  could  still 
be  distinguished  as  a  part  4i  in.  long  near  the  lower  end  of  the  new  bone. 

32.  Girl's  jaw  replaced  by  naked  rib  fragment  with  successful  result. 
Macewen's  work  derives  great  force  from  its  ver\'  terseness  and  simplicity, 

and   also  from  the  association   of  experimental    with   clinical  teaching.     Its 
great  lack  is  the  absence  of  microscopical  detail. 

At  the  risk  of  making  the  present  pajjer  a  bald  reiteration  of  the  work  of 
others,  I  have  set  out  above  the  main  facts  observed  by  Oilier,  Barth,  Axhaiisen, 
and  Maeewen,  instead  of  merely  giving  their  opinions  and  deductions.  In  this 
way  only  is  it  possible  to  examine  the  question  of  the  unity  of  their  discoveries, 
or  to  attempt  to  reconcile  the  divergences  of  their  deductions. 

AN    ATTEMPT    TO     RECONSTRUCT    A    NARRATIVE    OF    BONE     GROWTH 
FROM     THE     WORK     OF     THE     FOREGOING    AUTHORS. 

1.  The  Role  of  the  Periosteum. — We  are  met  at  the  outset  with  the 
difficulty  of  one  series  of  subperiosteal  resections  producing  new  bone  and 
another  producing  none.     But  this  is  really  not  difficult  of  explanation. 

a.  In  the  first  place.  Oilier  himself  observed  (obs.  23,  supra)  that  peri- 
osteum formed  no  new  bone  in  an  adult  after  resection. 

b.  Secondly,  in  the  case  of  a  young  bone,  when  a  portion  of  its  whole 
thickness  is  removed,  leaving  the  periosteum,  after  a  short  time  the  gap  is  filled 
with  new  bone.  All  agree  about  this ;  but  as  Maeewen  has  shown,  the  filling  of 
the  gap  may  come  from  two  sources  other  than  the  periosteum,  viz.,  from  the 
epiphyseal  cartilage  pushing  the  cut  fragment  towards  the  gap,  and  from  proli- 
feration from  the  cut  ends  of  the  bone.  Therefore  all  experiments  of  this 
nature  have  no  bearing  on  the  osteogenetic  function  of  the  periosteum,  since  a 
gap  in  a  long  bone  can  be  equally  well  filled  up  after  that  membrane  has  been 
removed,  provided  the  epiphyseal  cartilages  remain  intact  (Maeewen,  obs.  28), 

r.  The  most  difficult  facts  to  reconcile  are  the  subperiosteal  resection  of 
a  whole  bone  being  in  one  ease  followed  by  regeneration  and  in  one  not.  (Com- 
pare Oilier,  obs.  19-21,  with  Maeewen,  obs.  2,)  However,  both  authors  clearly 
indicate  the   explanation.     Oilier   showed   that   if  the   periosteum   was   used 
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without  its  dccj)  layer,  then  no  bone  was  produced  even  in  young  animals 
(obs.  2) ;  again,  in  adult  bones,  when  periosteum  would  not  i)roduce  new  bone, 
this  could  be  brought  about  by  a  stimulation  of  the  dense  bone  by  cutting  and 
drilling,  after  which  the  periosteum  left  after  resection  would  i)roduce  some 
new  bone.  Maccwen,  on  the  other  hand,  says  that  if  bone  is  produced  by  a 
periosteal  ilap,  this  is  due  to  the  superficial  layer  of  bone  having  been  raised 
with  it.  Therefore,  in  reality,  there  is  a  middle  or  cambium  layer  lying  between 
the  bone  and  the  periosteum  in  young  animals.  In  such  it  is  possible  to  raise 
the  periosteum  with  the  cambimii  layer  attached,  and  it  will  reproduce  the 
bone  :  or  to  dissect  it  off,  without  taking  the  deep  tissue,  and  then  it  produces 
nothing. 

d.  In  regard  to  free  transplantat  on  of  periosteum,  there  is  less  sharp 
divergence  of  results.  For  Oilier  admits  that  bone  formed  from  free  periosteal 
transplantation  becomes  absorbed  in  a  short  time,  whilst  Macewcn  notes  that 
a  scanty  bone  growth  is  found  in  a  periosteal  flap  taken  from  a  limb  and  placed 
in  the  neck. 

e.  The  behaviour  of  bone  deprived  of  its  periosteum.  About  this  there 
is  imanimity,  and  it  is  unfortunate  that  Ollier's  own  observations  on  this 
point  should  have  been  so  much  forgotten.  He  showed  that  the  nude  bone 
lived,  grew  in  length  and  thickness,  formed  callus,  and  healed  after  fracture 
(obs.  14-17)  ;  also,  that  if  the  periosteum  were  removed,  the  bone  beneath 
quickly  re-formed  a  new  periosteum,  which  had  the  same  osteogenetic  properties 
as  the  original  (obs.  11-13), 

/.  The  microscopic  appearances  after  bone  grafting.  Axhausen  has 
without  doubt  shown  that  after  bone  grafting  the  chief  osteogenesis  in  the 
graft  occurs  beneath  the  periosteum.  But  it  might  equally  well  be  stated  that 
the  new  bone  is  formed  from  the  superficial  surface  of  the  old  bone  as  that 
it  arises  from  the  deep  surface  of  the  periostemn.  It  is  exactly  the  old  fallacy 
of  crediting  all  superficial  callus  to  the  periosteum,  when  in  reality  it  comes 
from  the  bone,  as  is  proved  by  the  fact  that  it  is  produced  just  as  well  if 
the  periosteum  has  been  removed.  This  point  is  so  important  that  I  here 
interpolate  a  preparation  of  my  own,  taken  from  a  fractured  cat's  tibia  after 
seventeen  days  {Fig.  130).  It  shows  an  exuberant  layer  of  superficial  callus 
lying  between  the  dense  bone  and  the  periosteum.  In  the  process  of  cutting 
the  section  the  soft  callus  has  become  detached  from  the  hard  bone,  and 
remains  attached  to  the  periosteum,  exactly  in  the  same  way  as  the  inflam- 
matory callus  of  an  osteomyelitis,  exuded  from  the  bone,  is  split  from  it  to 
form  the  in\'olucrum.  Nothing  but  the  most  superficial  observation,  however, 
could  suggest  that  the  callus  in  this  specimen  has  come  from  the  periosteum. 
It  contains  two  well-marked  stages,  viz.,  the  early  cartilage  and  the  late  bone, 
and  the  former  is  becoming  converted  into  the  latter.  But  the  bone  callus  is 
next  to  the  bone,  whilst  the  cartilage  callus  is  next  to  the  periosteum,  showing 
that  the  original  site  of  origin  of  the  whole  was  from  the  bone,  and  that  it 
was  formed  from  within  outwards,  and  not  in  the  reverse  direction. 

It  is  unfortunate  that  the  term  '  periosteal  '  may  equally  well  mean 
'derived  from  the  periosteum,'  or  simply  indicate  a  position  upon  the  outer 
surface  of  the  bone.  If  throughout  Axhausen's  descriptions  the  term  '  layer 
superficial  to  the  bone  '  were  substituted  for  the  term  '  periosteal,'  it  would  be 
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equally  accurate,  and  Avould  be  much  fairer,  as  being  free  from  the  unproved 
assumption  that  the  layer  in  question  was  derived  from  the  membrane  above 
it  and  not  from  the  bone  beneath  it.  In  order  to  avoid  this  difficulty,  and  to 
escape  from  the  use  of  the  above  phrase,  I  would  suggest  the  use  of  the  term 


o  c. 


Fio.  130.-  Cat's  tibia,  17  days  after  operation.  Longitudinal  section  of  the  dense  bone, 
with  the  overlj'ing  external  callus,  as  seen  luider  a  i-in.  objective. 

B.  Dense  bone  of  the  shaft.  S.  Space  between  the  callus  and  the  dense  bone,  artificially 
produced  in  the  cutting  of  the  section.  O.C.  Deep  layer  of  ossified  cr.lliLS.  C.C,  Outer  layer 
of  cartilaginous  callus.     P,  Periosteum  fused  with  overlying  connective  tissue. 

There  can  be  no  doubt  that  this  thick  layer  of  external  callus  is  growing  in  direct- 
continuity  with  the  bone,  and  the  ossification  proceeding  from  the  bone.  The  way  in  which 
the  caUus  breaks  from  the  bone  in  the  process  of  cutting  the  section,  although  purely  acci- 
dental, is  nevertheless  very  instructive,  because  it  marks  the  line  of  most  ready  cleavage, 
between  two  layers  of  tissue  of  different  density.  A\'hen  necrosis  occurs,  it  is  in  this  line  of 
cleavage  that  the  inflammatory  products  accumulate  and  separate  the  outer  involucrum  from 
the  inner  sequestrum.     But,  nevertheless,  the  involucrum  has  grown  from  the  bone. 


'  epiosteal  '  to  denote  the  structures  on  the  surface  of  the  bone  beneath  the 
periosteum.  Axhausen  proves  the  importance  of  the  epiosteal  bone  layer, 
but  he  does  not  prove  its  origin  from  the  periosteum. 

g.  The  periosteimi    as  a  limiting  membrane.      All  are  agreed  that   the 
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periosteum  is  the  bounding  wall  of  bone,  but  it  is  also  in  sonic  senses  a  limiting 
membrane,  i.e.,  it  limits  and  to  some  extent  hinders  bone  growth.  Maeewen 
proves  this  (obs.  23,  24.)  by  demonstrating  the  unrestrained  exuberant  growth 
which  sometimes  takes  place  after  removal  of  the  periosteum  and  a  portion 
of  the  bone.  This  growth  sometimes  penetrated  into  the  muscle  layers  sur- 
rounding the  injured  bone. 

Axhausen's  observations  (obs.  9)  confirm  this  in  a  different  way.  The 
epiostcal  new  bone  formation  was  observed  to  be  much  more  marked  at  the  cut 
ends  of  the  graft,  and  where  the  periosteum  had  been  incised,  than  where  the 
membrane  was  intact.  At  these  points  the  cpiosteum  is  relieved  from  the 
limiting  action  of  the  periosteum,  and  the  bone-cells  can  be  freely  poured 
out,  and  grow. 

h.  The  periosteum  as  a  nutritive  vascular  membrane.  There  is  no 
dispute  about  the  fact  that  the  bone  receives  its  blood-supply  partly  through 
the  vessels  of  the  periosteum,  and  that  when  a  part  of  the  bone  is  separated 
from  the  rest,  this  constitutes  for  a  time  its  sole  blood-supply.  Further,  the 
surface  of  the  periosteum  readily  becomes  adherent  to  adjacent  vascular 
structures,  and  becomes  vascularized  by  them,  in  bone  grafting  ;  whereas 
a  piece  of  nude  bone  offers  the  greatest  possible  resistance  to  the  formation  of 
new  vessels,  a  process  which  cannot  take  place  until  it  has  been  honeycombed 
by  lacunar  absorption. 

Axhausen  proved  that  grafts  taken  with  their  periosteum  show  a  much 
greater  viability  and  osteogenesis  than  nude  grafts,  and  although  he  does  not 
himself  point  out  the  possibility  that  this  is  due  to  the  more  ready  vasculariza- 
tion, yet  he  relates  facts  which  are  very  suggestive  of  this.  Thus,  he  points  out 
(obs.  8)  that  viability  of  the  periosteum  depends  upon  its  coming  into  direct 
contact  with  vascular  living  tissues,  and  that  if  blood-effusion  or  adherent 
muscle  intervenes  between  the  periosteum  and  its  bed,  the  former  will  die.  He 
admits  (obs.  5)  that  in  some  areas  of  even  the  dense  bone  of  a  graft,  superficial 
portions  show  cells  remaining  alive,  and  this  is  just  at  points  where  the 
overlying  periosteum  has  retained  its  vitality. 

McWilliams  {vide  infra)  has  especially  called  attention  to  the  importance 
of  the  periosteum  on  a  graft  in  affording  a  ready  means  of  establishing  a  new 
vascular  connection  with  its  bed. 

Summary. — The  periosteum  is  chiefly  a  limiting  membrane  of  the  bone. 
The  dense  bone  can  live,  grow,  undergo  repair,  and  produce  fresh  periosteum 
after  the  latter  has  been  removed. 

In  young  bones  it  is  possible  to  remove  the  periosteum  in  such  a  way  as  to 
produce  an  osteogenetic  membrane,  this  being  probably  due  to  the  lifting  of 
the  cpiosteum  with  the  periosteum.  In  adult  bones  this  is  impossible,  except 
after  trauma  or  inflammation.  Nevertheless,  the  retention  of  the  periosteum, 
though  not  necessary,  is  highly  desirable  in  grafting,  because  its  removal  takes 
away  much  of  the  cpiosteum,  and  because  it  affords  a  ready  means  whereby 
the  graft  may  become  vascidarized. 

2.  The  Role  of  the  Marrow  Tissue. — About  the  marrow  tissue  there 
has  never  been  the  same  difference  of  opinion  as  about  the  periosteum,  prob- 
ably because  its  situation  and  structure  are  such  that  it  cannot  be  removed 
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from  the  bone  in  such  a  way  as  to  take  an  inner  layer  of  bone  cells  with  it.  No 
one  has  suggested  that  marrow  tissue  can  be  used  as  a  free  graft  with  osteo* 
genetic  results. 

Oilier  showed  (obs.  10)  that  a  tube  inserted  into  the  marrow  cavity  became 
filled  with  new  bone  ;  and  again  (obs.  16),  that  if  the  |)eriosteum  is  removed 
and  a  metal  foil  placed  round  the  shaft  of  a  bone,  new  bone  will  be  laid  dovvn 
in  the  marrow  cavity.  In  other  words,  the  deep  surface  of  the  dense  bone,  like 
the  superficial,  is  capable  of  osteogenesis  under  suitable  stimulus — there  is  an 
endosteum  as  well  as  an  cpiosteum.  Barth  figured  (obs.  5)  new  bone  forma- 
tion in  the  marrow  spaces  of  bone  grafts.  Axhausen  proved  (obs.  2,  10)  that 
in  living  grafts  new  bone  is  formed  in  that  layer  of  the  marrow  tissue  which  is 
next  to  the  bone,  provided  that  this  is  closely  in  contact  with  vascular  tissue  of 
the  bed.  This  will  be  at  the  cut  end  only  of  a  graft  of  the  whole  thickness  of 
the  bone,  or  along  the  whole  cut  surface  of  a  split  bone.  Macewen  does  not 
deal  separately  with  the  behaviour  of  the  marrow  tissue,  but  his  glass-tube 
experiments  (obs.  20-21)  are  somewhat  similar  to  that  of  Oilier  (obs.  10) 
mentioned  above.  In  both  the  tube  became  filled  with  new  bone  tissue,  though 
in  Macewen's  case  this  was  derived  partly  from  the  compact  bone.  Therefore 
we  have  no  difficulty  in  saying  of  the  red  marrow  tissue,  that  its  layers  next  to 
the  bone  (endosteum)  have  precisely  the  same  capacity  for  osteogenesis  as 
the  epiosteum,  though  in  a  lesser  degree.  If  grafted  in  such  a  manner  as  to 
allow  rapid  vascular  connection  with  its  bed,  it  will  take  an  active  share  in 
new  bone  formation.  In  other  words,  a  split  graft  will  be  more  actively  pro- 
liferative than  a  whole  graft. 

3.  The  Role  of  the  Compact  Bone. — As  regards  the  behaviour  of  the 
compact  bone,  there  arc  no  conflicting  facts.  Oilier  proved  that,  quite  apart 
from  both  periosteum  and  marrow,  compact  bone  could  live  and  produce  new 
bone  and  undergo  the  callus  repair  of  a  fracture.  Macewen  has  further  estab- 
lished these  facts  beyond  all  controversy.  Barth,  however,  demonstrated 
that  the  great  majority  of  cells  in  the  compact  tissue  of  a  graft  die,  and 
Axhausen  has  abundantly  confirmed  this  observation.  But  this  fact  does  not 
warrant  the  conclusion  that  the  whole  of  the  compact  bone  of  a  graft  always 
dies,  and  is  nothing  but  a  scaffolding — for  the  following  reasons  :— 

a.  Axhausen's  own  preparations  in  some  cases  show  (obs.  5)  areas  at  the 
edge  of  the  compact  bone  where  the  cells  retain  their  vitality. 

h.  Quite  apart  from  the  epiosteal  and  endosteal  layers  of  cells  which  may 
be  regarded  as  originating  from  the  compact  bone,  Axhausen  shows  (obs.  7) 
that  the  widened  Haversian  canals  contain  active  osteoblasts  and  new  bone 
formation,  and  that  the  surface  of  the  compact  bone  of  the  graft  becomes 
pitted  by  lacunar  absorption,  and  that  in  these  excavations  new  bone  is  laid 
down.  Now  it  cannot  be  proved  either  in  the  case  of  the  osteoblasts  in  the 
widened  Haversian  canals  or  in  those  of  the  superficial  erosions,  that  these 
cells  have  an  origin  outside  the  bone  itself.  On  the  contrary,  it  is  much  more 
reasonable  to  suppose  that  they  are  in  part  derived  from  the  osteoblasts  of 
the  graft. 

c.  The  behaviour  of  a  bare  bone  in  an  open  fracture  is  very  instructive  in 
this  connection.     The  phenomena  are  well  known,  and  yet  the  old  fallaby  of 
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bare  bone  being  dead  is  still  so  widely  held,  in  spite  of  Macewen's  teaching, 
that  it  is,  I  think,  worth  while  to  emphasize  it  by  an  illustrative  case. 

Sergt.  W.  had  a  septic  gunshot  fracture  of  the  lower  third  of  his  femur.  In 
a  large  wound  of  the  outer  side  of  the  thigh,  the  oblique  ends  of  the  bone  were 
easily  visible,  and  were  at  first  perfectly  bare  on  hoth  medullary  and  periosteal 
aspects.  I  drilled  both  these  fragments  with  many  holes,  ahout  an  eighth  of  an  inch 
in  diameter,  on  everx-^  accessible  surface.  Within  a  very  short  time  the  bare  bone 
pushed  out  buttons  of  granulation  tissue,  and  these  spread  until  almost  the  whole 
surfaces  were  covered.  I  then  gave  an  anaesthetic,  levered  the  two  fragments  into 
apposition,  and  fixed  them  by  two  wire  sutures.  Eventually  good  union  occurred, 
the  granulation  tissue  having  been  converted  into  callus,  with  the  loss  of  a  small 
part  of  one  fragment  thrown  off  as  a  secpiestrum. 

NoAv  in  such  a  case,  at  a  certain  period  the  bones  exhibit  just  such  a 
'lacunar  absorption'  as  Axhausen  demonstrates  in  his  grafts.  But  my  conten- 
tion is  that  it  is  b)'^  a  proliferation  of  the  cells  of  the  bone  itself,  and  not  of  its 
surroundings,  that  this  process  takes  place. 

d.  The  behaviour  of  bone-grafts  deprived  both  of  periosteum  and  end- 
osteum.  There  is  no  divergence  here  about  the  observation  that  such  grafts 
can  live  and  also  grow.  But  there  is  a  difference  of  opinion  about  the  explana- 
tion of  this,  and  a  difference,  too,  about  the  degree  of  proliferation.  Axhausen 
admits  that  nude  bone-grafts  live  and  proliferate  (obs.  13),  but  he  attributes 
this  to  the  adherence  of  epiosteum  and  endosteum.  lie  maintains  that  the 
chance  of  survival  and  the  degree  of  proliferation  are  much  less  in  such  cases 
than  in  those  where  the  periosteum  and  marrow  are  retained.  In  this  he  is 
confirmed  by  other  observers,  e.g.,  McWilliams  and  Phemister.  Nevertheless, 
his  admission  of  the  potential  viability  of  a  bit  of  bare  bone  is  of  cardinal 
importance.  Macewen,  on  the  other  hand,  goes  to  the  other  extreme,  and 
maintains  that  fragments  of  bone  free  from  periosteum  or  marrow  have  a 
much  greater  osteogenetic  capacity  than  a  piece  of  entire  bone.  His  obser- 
vations (obs.  14,  15,  31)  are  concerned  both  with  experimental  and  clinical 
investigations.  It  must  be  conceded  that  he  has  amply  demonstrated  the 
viability  and  the  growth  of  bone  chips,  but  his  evidence  does  not  entirely 
bear  out  his  contention  as  to  the  greater  osteogenesis  in  fragments  than  in  a 
whole  piece  of  bone.  This  is  a  matter  of  such  great  practical  importance  that 
it  is  necessary  to  examine  it  closely,  and  I  shall  return  to  it  later  in  describing 
my  own  experiments. 

Let  us  consider  these  experiments  on  the  implantation  of  bone  chips  into 
a  bone  defect.  Macewen  removed  the  periosteum  from  the  radius  of  two 
yoimg  dogs,  resected  a  piece  of  the  whole  thickness  of  the  bone,  divided  it  into 
small  chips,  and  implanted  these  into  the  gap,  exchanging  the  bone  frag- 
ments of  the  two  dogs.  In  both  cases,  after  seven  weeks,  the  gap  was  filled 
with  a  large  mass  of  bone,  much  thicker  than  the  original  piece  removed.  At 
first  sight  this  appears  to  be  conclusive  evidence  that  the  bone  chips  have 
undergone  very  great  and  rapid  enlargement.  But  Macewen  himself  has 
taught  us  to  beware  of  jumping  to  conclusions  in  matters  concerning  the  origin 
of  new  bone.  In  examining  figures  of  the  specimens  {Fig.s.  17,  18,  19,  20  in 
Macewen's  book),  with  their  measurements,  two  striking  facts  arrest  the  atten- 
tion. '  First,  the  parts  of  the  bone  on  each  side  of  the  gap  have  undergone  great 
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thickening,  i.e.,  they  evidently  have  some  share  in  the  osteogenesis.  Secondly, 
the  length  of  both  bones  experimented  upon  is  actually  shorter  by  a  quarter  of 
an  inch  and  five-sixteenths  of  an  inch  than  the  normal  bone  of  the  opposite 
side,  and  this  at  once  suggests  that  there  has  been  loss  somewhere.  If  the 
two  ends  have  grown,  and  the  graft  between  them  has  grown,  then  the  total 
produced  should  surely  be  longer  and  not  shorter  than  normal.  But  in  Mac- 
ewen's  later  experiments  {Figs.  42,  43),  another  dog's  radius  is  shown  in  w^hich 
a  bit  had  been  taken  out  together  with  the  periosteum,  and  there,  too,  is  the 
same  filling  of  the  gap  with  a  spindle-shaped  thickening,  although  no  chips  had 
been  inserted.  The  explanation  is  now  clear,  A  gap  in  the  diaphysis  of  a 
yoimg  bone  is  filled  by  the  double  process  of  epiphyseal  growth  and  prolifera- 
tion from  the  cut  ends,  and  if  the  periosteum  is  absent  there  may  occur  a  spindle- 
shaped  thickening  in  place  of  the  gap.  If  the  gap  is  filled  with  bone  chips  the 
same  thickness  of  bone  is  produced,  but  there  is  no  evidence  that  the  chips 
have  anything  to  do  with  the  process. 

In  Macewen's  classical  case  of  the  boy  in  whom  he  re-formed  a  humerus 
by  successive  implantation  of  chips  from  other  children's  tibias,  there  is  also 
evidence  on  the  one  hand  of  the  survival  of  the  grafts,  with  consequent  stimu- 
lation of  the  epiphyseal  cartilages  to  proliferation,  and  on  the  other,  of  the 
stationary  behaviour  of  the  grafted  material  in  the  matter  of  size.  That  is  to 
say,  Macewen  states  that  on  three  occasions  he  inserted  bits  of  bone,  each 
making  up  a  length  of  about  one  and  a  half  inches.  Thirty  years  later  the 
skiagrams  clearly  show  the  grafted  part,  and  this  is  stated  to  measure  four 
and  a  half  inches.  Thus,  the  fragments  had  lived,  but  there  was  none  of 
that  exuberant  proliferation  which  would  have  greatly  increased  their  bulk. 

Summary, — Compact  bone,  if  it  has  a  proper  blood-supply,  is  quite 
independent  of  either  periosteum  or  cndosteum  for  both  gro\vth  and  repair 
If  deprived  of  its  blood-supply  temporarily,  as  in  a  graft,  it  acts  in  a  very  indo- 
lent manner :  the  greater  part  of  its  cells  die,  but  those  on  all  the  free  sur- 
faces— epiosteal,  endosteal,  and  cut  edges — surv  ive,  and  proliferate  to  form  nt  .v 
bone.  The  tissue  becomes  vascularized,  and  then  in  the  new  Haversian  canals 
new  bone  is  deposited.  Fragmentation  of  a  graft  may  secure  the  survival  of  a 
greater  number  of  osteoblasts,  but  it  does  not  ultimately  produce  a  larger  bone. 

4,  Homoplastic  and  Heteroplastic  Grafts. — All  observers  have  obtained 
success  in  the  transplantation  of  bones  or  parts  of  bones  from  one  individual 
to  another  of  the  same  species,  Axhausen  demonstrated  that  the  viability  and 
proliferation  of  a  homoplastic  graft  were  more  uncertain  than  those  of  an 
autoplastic.  Heteroplastic  grafts — i.e.,  bones  transferred  from  one  animal  to 
another  of  a  different  species — become  encapsuled  or  absorbed,  and  show  neither 
vitality  nor  proliferative  capacity.  They  may,  however,  act  for  an  indefinite 
period  as  a  splint  or  as  a  scaffolding  for  the  laying  down  of  new  bone. 

A  Short  Notice  of  some  other  Important  Papers. 

In  attempting  to  deal  with  the  literature  of  bone-grafting,  one  is  faced 

with  the  difficulty  of  the  vast  size  of  the  subject.     McWilliams,^  for  example, 

has  compiled  references  to  upwards  of  five  hiuidred  papers.     Most  of  these. 

however,   merely  deal   with  isolated   observations   about  human  grafts,   and 
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although  they  anipHfy  and  add  details  to  our  knowledge,  they  do  not  modify 
it  in  any  essential  respect.  I  propose,  therefore,  merely  to  select  certain  papers 
of  special  importance,  without  attempting  any  general  epitome,  this  task 
having  recently  been  accomplished  with  conspicuous  success  by  McWilliams. 

Four  American  papers  represent  recent  work  suggested  by  Macewen's 
book,  and  they  deal  with  experiments  done  on  the  same  lines. 

Davis  and  Hunnicutt^  repeated  and  confirmed  Macewen's  experiments. 
They  showed  that  periosteum,  cither  as  a  (lap  or  as  a  free  graft,  did  not 
produce  bone,  but  if  a  thin  layer  of  bone  was  raised  with  this  membrane, 
(^teogenesis  occurred. 

Brown  and  Brown,io  too,  obtained  results  similar  to  Macewen  They 
added  two  important  observations,  viz.  :  (1)  Living  bone  transplanted  into 
soft  tissue  only  survives  for  a  short  period,  and  ultimately  midergoes  absorp- 
tion. This  supplements  and  corrects  the  impression  left  by  Axhausen's  work. 
The  latter  author,  concentrating  his  attention  on  the  early  microscopical 
changes  in  free  bone-grafts,  demonstrated  cell  proliferation  and  osteogenesis 
as  above  described.  But  this  is  only  a  transitory  phase,  and  more  protracted 
observations  show  that  bone-grafts  in  soft  tissue  have  only  a  fleeting  existence. 
(2)  Similarly,  bone-grafts  in  contact  with  living  bones,  but  performing  no 
function,  undergo  atrophy.  Both  these  facts  are  in  unison  with  Wolff's  Law, 
that  the  size  of  a  bone  is  determined  by  the  function  which  it  has  to  perform. 

Phemisterii  has  published  one  of  the  most  complete  and  carefully  des- 
cribed series  of  experiments  on  this  subject  ever  recorded.  He  removed 
about  a  third  of  the  ulna  in  dogs,  and  replaced  the  graft  into  its  bed  luider 
different  conditions.     These  experiments  demonstrated  : 

1.  Actual  osteogenesis  occurring  in  the  graft. 

2.  Osteogenesis  occurring  in  a  graft  deprived  both  of  its  periosteum  and 

endosteum.     This  was,  however,  much  more  scanty  than  that 
occurring  in  whole  or  split  grafts. 

3.  The  most  marked  osteogenesis  always  occurs  in  the  region  of  the  epi- 

osteum  and  endosteum. 

4.  Of   fragmented    grafts  many  pieces  die,  but  slow    and  scanty  osteo- 

genesis does  occur  round  most  of  the  separate  pieces. 

5.  A  fractured  graft  shows  osteogenesis,  i.e.,  callus  formation,  at  the  seat 

of  fracture,  and  this  is  even  more  marked  than  the  osteogenesis 
occurring  between  the  ends  of  the  graft  and  the  mother  bone. 

6.  Free  periosteum  does  not  produce  bone. 

7.  Bone  transplanted  into  soft  tissues  atrophies. 

8.  In  a  periosteal  sleeve  from  which  bone  has  been  removed,  then  boiled 

and  replaced,  a  cylinder  of  callus  makes  its  appearance  on  the 

deep  surface  of  the  periosteum. 
Mc\Villiamsi2  has  recorded  both  human  and  animal  results.  In  the 
former,  several  cases  are  noted  in  which  a  nude  graft  lived  for  a  time  and  then 
became  absorbed.  One  case  is  especially  instructive — a  fractured  tibia  in  a 
child  in  which  a  nude  graft  failed  (this  was  very  small,  and  had  poor  contact 
with  the  bone  ends).  Afterwards  a  piece  of  the  fibula  was  used  with  its  peri- 
osteum. This  was  much  larger,  and  had  much  better  contact  with  the  bones 
than  in  the  case  of  the  former  graft.    The  fibula  graft  lived  well,  and  grew  in 
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thickness.  It  l)ccame  fractured  and  underwent  normal  callus  union.  This 
osteogenetic  callus  formation  in  a  fractured  graft  has  often  been  observed,  and 
recorded  by  Phemister,  Robert  Jones,  and  Kiittner,  among  others,  and  it 
forms  a  convincing  proof  of  the  osteogenetic  properties  of  a  bone-graft. 

McWilliams'  experimental  results  demonstrated  the  practical  imjxjrtance 
of  the  pcriostcimi.  They  showed  that  although  nude  grafts  could  live,  yet 
they  did  so  in  a  much  smaller  projxjrtion  than  those  transplanted  with  the 
periosteum.  Split  grafts  also  did  better  than  whole  ones.  These  observations 
confirm  the  importance  of  securing  a  ready  blood-supply  to  the  epiosteum  and 
endostcum. 

Laweni3  gives  a  very  detailed  account  of  a  human  autoplastic  graft,  with 
some  beautiful  microscopical  preparations.  A  boy,  age  8.  had  the  upper  part 
of  the  humerus  resected  for  a  myeloma,  and  a  piece  of  his  tibia,  covered  on 
one  side  by  periosteum,  was  substituted.  Seventy-eight  days  later,  amputation 
was  performed  for  recurrence  of  the  tumour.  The  specimen  showed  all  the 
details  described  by  Axhausen  in  his  experimental  work.  The  graft  was  richly 
vascular,  but  the  bone-cells  in  the  compact  tissue  had  disappeared.  Epiosteal 
and  endosteal  new  bone  was  well  marked,  and  there  was  extensive  lacimar 
absorption  of  the  dead  bone,  and  new  bone  formation  roimd  the  new  vessels. 

On  the  Grafting  of  Homoplastic  Joint-ends.— Axhauseni^  has  added 
to  the  work  already  described  an  important  scries  of  new  ex|)eriments  dealing 
with  the  transplantation  of  joint-ends  of  bones.  Working  with  young  rats 
and  rabbits,  he  obtained  functionally  successful  results.  Bone  tissue  behaved 
similarly  to  that  in  his  other  experiments.  The  articular  cartilage,  after  an 
initial  stage  of  indolence,  showed  the  superficial  cells  with  good  vitality,  and 
the  deep  cells  imdergoing  necrosis.  Eventually  the  latter  became  substituted 
by  the  former,  and  the  tissue  as  a  whole  remained  active  and  vital.  The  epi- 
physeal cartilage  mostly  necrosed,  only  the  superficial  part  remaining  alive. 
The  surviving  part  soon  became  ossified,  and  the  rest  underwent  lacunar 
absorption. 

Lexer^^  has  had  remarkable  success  in  transplanting  half  or  whole  joints 
in  the  himian  subject.  In  a  man  with  a  myeloid  gro^vth  of  the  upper  end  of 
the  tibia,  the  head  of  the  bone  was  removed,  and  substituted  by  a  corres- 
ponding part  of  the  bone  from  a  recently  amputated  leg.  Perfect  functional 
success  followed,  but  the  limb  had  to  be  amputated  eighteen  months  later 
on  account  of  neurosis.  But  Lexer's  classical  case  was  that  of  a  girl,  age  18, 
in  whom  he  resected  the  tuberculous  knee-joint  and  replaced  it  by  the  joint 
from  a  recent  amputation.  The  case  was  shown  at  the  German  Surgical 
Congress,  and  nearly  two  years  later  the  patient  could  Avalk  well  with  a  stick, 
and  had  free  movement  in  the  joint. 

He  makes  the  following  general  observations  as  the  result  of  his  work. 
The  joint  should  be  exposed  by  a  broad  flap  incision  so  as  to  avoid  a  suture  line 
over  the  graft.  Accurate  ha?mostasis  is  essential,  as  any  blood  collection  will 
prevent  union  of  the  graft  \\-ith  its  surroimdings ;  and  it  is  better  to  avoid  the 
use  of  a  tourniquet  because  of  the  liability  to  subsequent  oozing.  It  is  of  great 
importance  that  the  bone  ends  should  fit  accurately,  but  he  avoids  the  use  of 
any  foreign  body  for  the  purpose  of  fixation.  If  such  is  necessary,  he  uses 
fresh  autogenous  bone  pegs.      Joints  taken  from  freshly  amputated  limbs,  or 
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those  from  corpses  taken  within  twenty-four  hours  of  death,  may  be  used. 
All  tendons,  muscle,  fat.  and  li<jaments  must  be  removed  from  the  graft,  and 
the  periosteum  divided  by  longitudinal  incisiolis.  He  is  imcertain  whether  the 
best  success  will  be  given  by  retention  or  removal  of  the  synovial  membrane, 
the  evidence  on  this  point  being  conflicting.  If  an  important  muscle-tendon 
group  has  been  destroyed,  e.g.,  that  of  the  quadriceps  and  patella  over  the 
knee,  it  is  best  to  wait  luitil  the  main  graft  has  healed,  and  then  to  do  a  new 
tendon-grafting.  The  later  history  of  joint  transplantation  shows  a  stage  of 
grating  like  that  of  rheumatoid  arthritis,  but  movement  is  free  and  painless, 
and  the  grating  becomes  less  with  use. 

Kiittner,i6  too,  has  had  great  success  with  homoplastic  transplantation 
of  joint-ends  in  two  instances.     Particulars  of  his  cases  are  added. 

Case  1. — Patient  had  the  upper  end  of  the  femur  removed  for  sarcoma,  and  a 
bone  taken  from  a  corpse,  thirty-five  hours  after  death,  was  used  to  replace  the  lost 
portion.  He  had  excellent  use  of  the  leg,  but  died  thirteen  months  later  of  metastatic 
growths.  To  the  naked  eye  the  specimen  showed  neither  necrosis  nor  absorption. 
Sound  callus  union  had  occurred  between  the  araft  and  its  bed.  It  was  very 
remarkable  how  ftnnly  the  muscles  had  acquired  a  normal  attachment  to  the  graft. 
Microscopical  facts  revealed  were :  the  survival  of  the  articular  cartilage,  the  absence 
of  cells  from  the  compact  bone,  and  the  presence  of  an  epiosteal  layer  of  new  bone 
and  of  some  lacunar  substitution  at  the  point  of  junction  with  the  main  bone. 

Case  2. — The  upper  third  of  the  femur  was  removed  for  sarcoma,  and  a  graft 
was  taken  from  a  corpse,  three  hours  after  death.  It  was  adjiisted  with  the  help  of 
an  intramedullarj'  fibular  graft,  also  taken  from  the  corpse.  Later  on  a  fracture  of 
the  graft  occurred,  and  this  healed  by  natural  callus.  Finally,  amputation  had  to  be 
done  on  account  of  recurrence.  Examination  showed  the  same  points  as  in  Case  1 , 
viz.,  firm  attachment  of  muscle  to  the  graft,  retained  articular  cartilage,  loss  of  the 
cells  in  the  compact  tissue,  and  early  substitution  by  the  surrounding  tissues. 

Case  3. — A  child  with  congenital  absence  of  the  fibula  had  a  fibula  grafted  from 
the  leg  of  a  Java  ape.  This  remained  in  situ  for  nearly  two  years,  but  the  x-ray 
picture  gives  no  suggestion  of  any  growth  or  function. 

On  the  Use  of  Dead  bone-grafts. — The  use  of  sterilized  bone  or  ivory  for 
filling  bone  defects  has  often  been  employed,  and  although  since  the  knowledge 
of  the  possibilities  of  living  grafts  it  has  fallen  into  the  background,  yet  it 
is  a  subject  of  practical  importance  which  we  cannot  afford  to  ignore.  For 
the  present  purpose  it  will  be  sufficient  to  refer  to  Konig's  work  as  illustrative 
of  this  branch  of  the  subject. 

K6nigi7  has  used  ivory  intramedullary  pegs  and  periosteal  ivory  plates 
for  the  operative  treatment  of  fractures.  Encouraged  by  the  results  of  these 
cases,  he  had  ivory  models  made  of  various  parts  of  the  bones,  and  these  he 
has  used  several  times  to  replace  parts  lost  by  injury  or  disease — e.g.,  half  the 
lower  end  of  the  humerus  in  one  case,  and  two  cases  of  half  the  lower  jaw.  In 
all  of  these  smooth  healing  occurred  in  the  first  place,  but  in  several  a  purulent 
sinus  developed  after  several  months  or  years,  necessitating  the  removal  of  the 
foreign  body.  His  most  remarkable  case  was  that  of  a  woman,  age  62,  in 
whom  the  half  mandible  was  replaced  by  an  ivory  prothesis.  It  not  only 
healed  quite  smoothly,  but  became  firmly  attached  to  the  remaining  half  of 
the  jaw,  whilst  articulating  freely  in  the  temporal  joint.     She  was  shown  at  the 
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German  Surgical  Congress,  and  at  the  time  of  the  report,  two  years  after  the 
operation,  the  result  appeared  to  be  perfectly  satisfactory. 

If  an  ivory  peg  heals  with  perfect  asepsis,  it  quickly  becomes  pitted  and 
roughened  by  ingro>\'th  of  surrounding  granulation  tissue.  By  this  means  it 
is  incorporated  with  the  structures  of  its  bed.  If,  on  the  other  hand,  sepsis 
occurs,  the  graft  may  remain  in  position  for  an  indefinite  period,  but  it  never 
is  really  attached  to  its  surroimdings,  and  w^hen  removed  its  surface  is  perfectly 
smooth. 

Earth's  work  has  familiarized  us  with  the  idea  that  dead  bone  and  ivory 
may,  imder  favourable  circumstances,  heal  with  the  tissues  and  become  incor- 
porated by  them,  being  substituted  by  connective  tissue,  or  by  bone  if  osseous 
tissue  is  ready  at  hand. 

It  may  be  demonstrated  by  the  a*  rays  that  ivory  pegs  become  completely 
absorbed  in  a  period  of  one  to  ten  years.  Stieda^^  gives  a  good  illustration  of 
this.  A  girl,  age  ten,  with  a  congenital  fracture  of  the  tibia,  with  pseudo- 
arthrosis, had  had  several  operations  without  success.  Then  two  stout  pieces 
of  boiled  tibia  from  an  amputated  limb  were  fixed  roimd  the  fractured  area, 
and  consolidation  occurred.  Eleven  years  later  the  bone  was  thick  and  firm, 
and  not  the  slightest  trace  of  the  bone-plates  can  be  seen  in  the  skiagram. 

The  question  then  arises  whether  it  is  reasonable  or  consistent  to  imagine 
that  dead-bone  pegs  will  become  absorbed  under  one  set  of  circimistanccs.  and 
yet  remain  indefinitely  as  a  jjermanent  skeletal  structure  in  another.  It  is 
unfortunate  that  Konig  gives  no  j:-ray  pictures  of  his  cases  to  clear  up  this 
ix)int.  In  his  best  case  only  two  years  had  elapsed  since  the  massive  piece 
of  ivory  had  been  inserted.  It  is  quite  possible  that  small  pieces  of  dead  bone 
may  become  absorbed,  whilst  large  ones  remain.  In  the  latter  case,  a  certain 
depth  of  the  outer  part  of  the  graft  will  be  eaten  into  and  substituted  by  con- 
nective tissue,  whilst  the  central  mass  will  remain.  The  same  thing  is  seen 
in  connection  with  the  absorption  of  dead  bone  resulting  from  sepsis.  Small 
particles  are  eroded  and  eaten  up  by  granulation  tissue,  but  large  pieces  will 
remain  as  sequestra  for  an  indefinite  period. 

Albee's  work^^  has  been  almost  entirely  of  a  practical  character.  By  a 
great  improvement  in  operative  technique,  he  has  placed  the  subject  of  bone- 
grafting  upon  the  footing  of  a  regular  surgical  procedure,  the  indications  for 
which  appear  to  be  more  frequent  every  day.  His  pioneer  work  lay  in  the 
introduction  of  a  method  of  bone-grafting  for  Pott's  disease  of  the  spine.  He 
split  the  spinous  processes  of  several  vertebra?  above,  below,  and  including 
the  affected  area,  and  then  sewed  in  a  piece  of  the  inner  surface  of  the  shaft  of 
the  tibia.  The  eases  in  which  this  operation  has  been  done  are  now  several 
hundreds,  and  the  results  are  said  to  be  very  satisfactory.  But  his  precise 
method  of  laying  in  bone-grafts  in  order  to  unite  fractures  and  to  make  good 
defects  in  the  long  bones  constitute  the  most  valuable  part  of  his  work. 
Inasmuch  as  the  novelty  of  Albee's  work  chiefly  relates  to  matters  of  tech- 
nique, and  not  to  the  principles  of  bone-grafting,  it  will  be  more  convenient 
to  postpone  a  critical  examination  of  it  until  a  later  part  of  the  present 
paper. 

Lindemann^o  has  recently  published  a  long  series  of  cases  of  bone-grafting 
for  fractured  jaws  ;   this  deserves  special  mention,  because  of  the  importance 
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of  this  branch  of  the  subject,  and  because  there  are  so  few  publications  which 
deal  with  more  than  one  or  two  isolated  cases. 

In  the  first  place,  he  attaches  cardinal  importance  to  a  proper  immobiliza- 
tion of  the  jaw  by  suitable  splints,  and  to  a  proper  closure  of  any  defect  in  the 
soft  parts,  by  a  plastic  operation  if  necessary.  Any  sepsis  evident  before  the 
operation,  or  discovered  during  its  early  stages,  should  lead  to  the  postponement 
of  the  bone-grafting.  The  jaw  is  exposed  by  an  external  incision,  and  on  no 
accoimt  must  the  oral  cavity  be  opened.  The  ends  of  the  jaw  fragments  are 
exposed,  and  bared  of  connective  tissue.  Then  an  opening  is  made  into  the 
marrow  cavity  of  each.  Next  a  piece  of  the  inner  surface  of  the  tibia  is  taken  of 
suitable  length,  and  its  ends  are  fashioned  into  peg-shaped  processes  to  fit  into 
the  holes  of  the  jaw  fragments.  In  this  manner  Lindemann  has  implanted 
grafts  varying  in  length  from  1|  up  to  13  cm.  In  the  great  majority  the 
graft  measured  2^  cm.  He  recounts  97  cases  ;  primary  imion  occurred  in  86, 
and  51  of  these  obtained  firm  bone  union,  whilst  in  many  others  consolidation 
was  in  progress. 

The  Cultivation  of  Bone-tissue  in  Vitro. — One  other  aspect  of  the  question 
of  bone-grafting  requires  mention.  Living  bone  tissue  can  be  cultivated  in 
vitro,  and  the  resulting  phenomena  have  an  important  bearing  on  the  problem 
of  the  survival  of  grafts  and  on  the  role  of  the  different  tissues. 

Dobrowolskaja^i  has  carried  out  this  work.  Small  pieces  of  bone  were 
taken  from  young  animals  (mice,  kittens,  rabbits),  placed  on  slides  in  homo- 
genous plasma,  and  covered  with  a  watch-glass  with  a  hanging  drop  of  distilled 
water,  the  cell  being  hermetically  sealed  with  paraffin.  The  preparation  was 
placed  in  the  incubator.  When  whole  pieces  of  bone  were  used  with  periosteum 
and  marrow  attached,  such  a  luxuriant  cell  growth  occurred,  accompanied  by 
intense  round-cell  infiltration,  as  to  obscure  details  of  the  growth.  When  small 
pieces  of  bone  were  cultivated  without  either  periosteum  or  marrow,  a  definite 
and  clear  growth  of  bone-cells  occurred,  free  from  round-celled  infiltration. 
Different  forms  of  cells  were  seen,  with  processes  growing  out  from  the  compact 
bone.  Sometimes,  if  two  pieces  of  bone  were  close  to  one  another,  the  space 
between  them  was  rapidly  filled  by  growing  cells,  which  united  the  two  parts. 
Cultivation  of  periosteum,  on  the  other  hand,  even  in  young  animals,  produced 
hardly  any  growth.  Pieces  of  spongy  bone  containing  marrow  tissue  gave  rise 
to  an  active  growth  in  which  roiuid-cellcd  infiltration  predominated. 

On  the  Use  of  Pedicled  Bone-grafts. — Until  recent  years,  the  possibility 
of  free  transplantation  of  bone  was  not  generally  recognized,  and  when  a  bone- 
graft  was  performed,  a  fla]>  of  skin  and.connective  tissue  was  raised  with  an  under- 
lying piece  of  bone,  and  sewn  into  the  defect.  In  this  way  an  adequate  blood- 
supply  to  the  bone-graft  was  secured,  and  many  brilliant  results  were  achieved. 

The  most  frequently  performed  of  these  ojjerations  have  been  as  follows  : 

(1)  Formation  of  a  new  nose:  by  taking  a  forehead  fiap  containing  a  part 
of  the  frontal  bone,  or  a  flap  from  the  forearm  containing  a  piece  of  the 
ulna,  or  a  finger  with  its  phalanx,  and  other  still  more  complicated  processes. 

(2)  Filling  defects  in  the  lower  jaAv  :  by  taking  a  chest  flap  containing  a  sec- 
tion of  the  clavicle  or  a  rib,  or  a  flap  from  an  adjacent  part  of  the  face  with  a  bit 
of  the  underlying  jaw-bone.  (3)  Gaps  in  the  tibia  havx'  often  been  made  good 
by  a  flap  from  the  opposite  shin  containing  a  part  of  the  crest  of  the  tibia  ; 
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in  some  cases  a  flap  from  the  same  leg  containing  a  piece  of  the  fibula  has 
been  used  with  success.  (4)  Gaps  in  the  humerus  :  filled  by  a  chest  flap  with 
a  bit  of  rib,  or  a  flap  from  the  shoulder  containing  the  spine  of  the  scapula. 
(5)  Gaps  in  the  femur  :  filled  by  a  flap  from  the  same  thigh  containing  a  piece 
of  the  femur,  or  a  flap  from  the  buttock  with  the  crest  of  the  iliimi.  For  details 
regarding  the  technique  of  these  operations  and  the 
authorities  who  have  used  them.  I  would  refer  the 
reader  to  McWilliams'  "  Collective  Review." 

In  general  terms  it  may  be  said  that  these 
elaborate  pedicle  operations  are  almost  obsolete. 
They  all  involve  very  grave  disadvantages  :  the. 
operation  itself  is  usually  one  of  considerable  diffi- 
culty ;  it  often  necessitates  several  operations  ;  it 
leaves  a  large  gap  in  the  part  from  which  the  flap 
is  taken  to  be  filled  in  by  further  plastic  procedure ; 
and,  most  important  of  all,  it  is  a  type  of  operation 
which  temporarily  leaves  open  the  tissues,  and 
therefore  asepsis  is  im|X)ssible.  There  are  two 
possible  advantages  to  be  placed  against  all  these 
drawbacks.  A  well-nourished  flap  with  a  good 
pedicle  can  be  implanted  in  a  granulating  surface 
with  better  prospects  of  healing  than  will  be  afforded 
by  a  free  graft.  Secondly,  such  a  flap  will  serve  to 
fill  up  a  gap  left  in  the  soft  tissues  as  well  as  the 
defect  in  the  bone.  Probably,  however,  it  is  better 
to  deal  with  the  soft  tissues  and  the  bone  separately, 
first  making  good  the  former  by  a  suitable  plastic 
operation,  and  then,  when  sound  healing  has  occur- 
red, implanting  a  free  bone-graft. 

n.    ORIGINAL    EXPERIMENTAL    OBSERVATIONS. 

A  consideration  of  the  work  already  done  on 
the  subject  of  bone-grafting  has  convinced  me  that, 
so  far  as  the  biological  aspect  is  concerned,  the 
main  facts,  as  already  set  out,  are  well  established. 
My  own  experiments,  therefore,  have  been  directed 
chiefly  to  a  determination  of  practical  conclusions 
having  a  direct  bearing  upon  the  best  methods 
of  transplanting  bone-tissue  so  as  to  make  good 
defects  left  by  trauma  or  disease. 

The  experiments  have  been  performed  on  adult 
cats,  using  chiefly  the  tibia  and  the  femur.  In  order 
to  overcome  the  difficulty  of  immobilization  of  the 

umb,  1  have  used,  when  necessary,  a  double-trans-  ".  fragment,  c.  External  callus, 
fixion  splint  for  the  tibia.     This  consists  of  two  rods 

which  transfix  the  bone  at  its  upper  and  lower  ends,  the  extremities  of  the  rods 
being  fixed  by  screw-nuts  into  longitudinal  steel  bars  which  He  outside  the  limb 
on  either  side  {Fig.  131).     This  apparatus  not  only  serves  to  keep  the  bones 


Fig.  131.— Cat'>:  tibia,  14 
days  after  fracture,  with 
double-transfixion  apparatus. 

A.  Islet  of  cartilage  present 
in  the  medulla  far  from  the 
fracture.  B  Internal  callus, 
present    only    in    the    upper 
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in  place,  but  it  also   secures  the  dressing  so  that  the  aiiimal  cannot  lick  its 
wound  during  the  early  stages  of  healing. 

A  bone  defect,  however  caused,  may  be  made  good  in  various  ways,  as 
shown  in  the  following  scheme. 

Sources  of  Grait. — 

Living. — From  the  same  individual — autogenous. 

From  another  individual  of  the  same  species — homogenous. 
From  an  animal  of  another  species — heterogenous. 
Dead. — Sterilized  bone  or  ivory. 

Stricture  of  Living  Grafts. — 

With  periosteum  and  marrow — entire. 
^Vithout  periosteum,  with  marrow. 
Without  periosteum  or  marrow — nude. 
Coarsely  fragmented. 
Reduced  to  dust. 

Manner  of  the  Fixation  of  the  Graft. — 

A  graft  of  the   whole  thickness  of  the  bone  placed  end  to  end   in 

ai)position  with  the  fragments  of  the  bed. 
A  graft  of  the  half  thickness  of  the  bone  mortised  to  its  bed. 
Suture:  (a)  Not  employed;    {b)  Of  absorbable  material,  e.g.,  catgut ; 

(c)  Of   non-absorbable   material,    e.g.,  wire  ;    {d)  By   bolts   and 

screws,  etc. 

From  a  practical  point  of  view,  the  relative  advantages  of  these  different 
methods  of  grafting  have  to  some  extent  already  been  settled. 
Thus,  the  following  may  be  taken  as  already  proved  : — 

1.  Living  grafts  are  better  than  dead. 

2.  Autogenous  grafts  are  better  than  homogenous. 

3.  Homogenous  grafts  are  better  than  heterogenous. 

The  following  propositions  arc  based  upon  sufficient  weight  of  evidence 
to  cause  them  to  be  generally  adopted  as  rules  of  practice  : — 

1.  A  graft  provided  with  jicriosteum  and  endosteum  will  more  surely 

live  and  more  quickly  grow  than  a  nude  graft. 

2.  In  conditions  where  a  bone  defect  cannot  be  replaced  by  an  auto- 

genous graft,  i.e.,  a  complicated  articular  surface,  the  use  of  a 
homogenous  graft  taken  from  a  recent  amputation  or  a  corpse 
is  indicated. 
The  following  are  questions  to  which  there  are  no  uniformly  accepted 
answers  foimded  upon  definite  ev  idcnce  : — 

1.  If  a  graft  can  be  secured  of  the  full  thickness  of  the  bone  which 

has  to  be  mended,  is  it  better  to  use  the  whole  of  the  graft  or 
to  split  it  ? 

2.  If  a  graft  cannot  be  provided  of  the  same  bulk  as  the  bone  it  has 

to  replace,  will  it  be  better  to  use  the  graft  as  a  single  piece  or 
to  break  it  up  into  fragments  ? 

3.  Can  living  bone  be  reduced  to  dust  in  such  a  way  as  to  form  a  living 

plastic  material  ? 
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4.  Supposing  that  enough  living  bone  can  be  secured  to  use  either 

method,  does  cortical  or  medullary  grafting  give  the  better 
result  ? 

5.  In   relation   to  the  bone  contact  of  the  graft   with  its  bed,  are 

(a)  The   extent    of  the  contact  ;    (b)  Accuracy  of  apposition 
matters  of  importance  ? 

6.  Ought  a  graft  to  be  firmly  fixed  to  its  bed, 

or  is  temporary  suture  by  animal  mem- 
brane sufficient  ? 

7.  What  is  the  effect  of  metal   sutures,  e.g., 

wires,  screws,  or  bolts,  upon  the  graft- 
ing process  ? 

8.  Has  living  bone  any  advantage  over  dead 

for  grafts  of  a  temporary*  pur|X)se,  e.g., 
pegs? 

9.  Is    absolute    prolonged    immobiHzation    of 

the  limb  necessary  in  bone-grafting;  or, 

if  not  necessary,  is  it  beneficial  ? 
The  following  series  of  experiments  is  a  contribution 
to  the  evidence  necessary  for  answering  the  questions 
involved  in  the  last  nine  propositions. 

A. — Cortical  Grafts. 

Experiment  1  {Fig.  132).— Grafting  the  Whole 
Thickness  of  a  Portion  of  Bone. — From  an  adult  cat 
a  piece  of  the  left  tibia  was  removed  subperiosteally, 
and  then  replaced,  merely  reversing  the  ends  so  that 
the  proximal  end  of  the  graft  lay  against  the  distal 
end  of  the  bone,  and  vice  versa.  The  limb  was  immo- 
bilized by  transfixion.  Healing  was  primary,  and  the 
animal  was  killed  in  six  weeks. 

The  specimen  shows  firm  and  accurate  bony  imion 
between  the  graft  and  its  bed  at  each  end.  There  is 
marked  thickening  of  the  graft  at  each  extremity. 
That  this  is  not  merely  due  to  a  deposit  of  new 
periosteal  bone,  or  to  a  gro\\'th  over  the  graft  from 
its  bed,  is  shown  by  the  fact  that  the  graft  is  altered 
interstitially  so  as  to  present  an  open  spongy  texture. 
The  central  portion  of  the  graft  represents  the  original 
thickness  of  the  bone,  and  it  will  be  seen  that  both 
ends  of  the  original  shaft  have  become  thickened 
for  some    distance  from  the   lines   of  union   with  the  graft. 

This  experiment  shows  how  well  a  whole-thickness  graft  grows  into  place, 
and  how  quickly  and  perfectly  it  will  be  able  to  functionate.  No  suturing  is 
required  to  fix  it,  because  with  proper  splinting  there  is  no  tendency  to  dis- 
placement. The  layers  of  the  graft  are  firmly  in  contact  with  the  correspond- 
ing layers  of  the  bed,  and  there  is  perfect  mechanical  stabiUty,  without 
the   necessity    for  the  filling  up   of  gaps   or  the   absorption  of  imnecessary 


Fig.  132.  —  Expert, 
ment  1.  Cat's  tibia 
after  a  portion  has  been 
remov^  and  replaced 
as  a  graft,     a.  Graft. 

At  both  points  ^of 
junction  of  the  graft 
with  the  bone,  a  super- 
ficial portion  has  been 
cut  away  to  show  the 
line  of  union. 
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structures.  In  fact,  when  such  a  jjraft  is  in  place,  avc  have  jiractically  a  double 
fracture  of  the  bone  in  perfect  position,  without  loss  either  of  form  or  substance. 

It  is  evident,  however,  that  this  ideal  type  of  autogenous  graft  can 
seldom  be  employed  clinically,  because  it  is  impossible  to  get  a  graft  from 
the  patient  of  the  same  size  and  shape  as  the  lost  part.  The  use  of  a  portion 
of  the  shaft  of  the  fibula  for  a  defect  in  the  forearm  bones  is  the  only  clinical 
instance  where  this  method  can  be  followed.  It  is  therefore  necessary  to  turn 
our  attention  to  methods  of  using  grafts  from  a  portion  of  the  thickness 
of  the  bone. 

Experhnenis  2,  3,  4.— Cortical  Grafting  of  a  Portion  of  thie  Thick- 
ness of  the  Shaft,  there  being  a  Fracture  but  no  Gap  in  the  Bone  to  be 
Mended. — A  piece  of  the  front  of  the  tibia  about  one  inch  long  was  cut  out, 
taking  a  little  less  than  one-half  of  the  thickness  of  the  bone.  The  rest  of  the 
shaft  was  now  divided  at  about  the  middle  of  the  area  from  which  this  part 

had  been  taken.  The  graft  was  then  re- 
applied, reversing  the  ends,  so  that  it 
should  not  exactly  lie  in  its  original  posi- 
tion. It  was  fixed  by  four  wire  sutures. 
Fig.  133.— Diagram  of  graft  fixed  by  four  placcd  ill  the  maimer  indicated  in  the 
w ire  suturespas.sinp  through  the  bone  ends,      diagram  {Fig.  133).     No  traiisfixiou  or  any 

restrictive  apparatus  was  used. 

In  all  these  experiments  primary  smooth  healing  occurred,  and  Figs.  134, 
135,  136  represent  the  results  after  four,  six,  and  eight  weeks.  It  will  not  be 
necessary  to  describe  each  of  these  in  detail,  as  the  main  features  arc  the 
same.  The  alinement  has  been  perfectly  maintained,  and  union  is  just  like 
that  in  a  subperiosteal  comminuted  fracture.  In  Ejcperiment  2  {Fig.  134)  the 
graft  has  fully  united  to  its  bed  at  one  end  only.  In  Experiments  3  and  4 
{Figs.  135,  136)  the  union  is  complete,  whilst  in  the  former  {Fig.  135)  the 
thickening  undergone  by  the  graft  itself  is  very  manifest. 

In  these  experiments  the  graft  acted  as  an  immobilizing  splint,  and  there 
Mas  no  external  fixation,  nor  any  restriction  of  the  animal's  movements. 
Metal  sutures,  however,  were  employed  which  firmly  attached  the  bone  to  the 
graft,  and  these  served  to  secure  immobility.  There  is  no  evidence  that  these 
metal  sutures  exercised  any  inhibitory  influence  upon  the  process  of  repair. 

This  method  of  grafting  half  the  thickness  of  the  bone  as  a  cortical 
graft,  then,  gives  ideal  results.  It  represents  a  method  of  treating  fractures 
by  the  use  of  a  living-bone  graft  instead  of  a  metal  plate,  and  if  the  graft  is 
sufficiently  stout,  and  is  properly  fixed,  it  will  give  good  results  with  much 
greater  certainty,  because  the  graft  rapidly  becomes  organically  united  to 
the   bone. 

Experiments  5,  6,  7  {Figs.  137,  138,  139,  140,  1 41 )— Cortical  Graft  of 
Half  the  Thickness  of  the  Shaft,  there  being  an  Actual  Gap  in  the 
Bony  Bed. — Half  the  thickness  in  the  front  of  the  tibia  was  removed  for  one 
inch,  and  from  the  remaining  part  of  the  shaft  the  middle  third  was  taken  away 
altogether.  The  anterior  portion  was  then  reversed  and  fixed  in  the  gap.  The 
leg  was  immobilized  by  the  double-transfixion  apparatus. 

In  Experiment  5  {Fig.  137)  the  graft  was  fixed  by  wire  sutures.  There  is 
perfect  position,  but  very  little  macroscopical  evidence  of  new  bone  formation, 
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either  from  the  graft  or  its  bed.     Fig.  140  shows  the  new  bone  joining  the  graft 
to  the  bed. 

In  Experiments  6  and  7  {Figs.  138,  139)  the  graft  has  been  fixed  by  spht 
pins  and  washers,  and  in  both  these  there  is  very  perfeet  bone  union  between 
the  graft  and  its  bed. 


Fig.   134. 


Fig.  1.35. 


Fig.   130. 


Fig.  134. — Experiment  2.  A  cortical  graft  of  half  the  thickness  of  the  tibia.  After',4 
weeks,     a.  Graft. 

The  shaft  has  been  cut  down  through  the  middle  of  the  graft.  At  the  lower  end  bony 
tuiion  has  occurred  between  the  graft  and  its  bed  ;  at  the  upper  end  the  two  are  still  distinct. 

Fig.  133. — Experiment  3.  Cortical  graft  of  half  the  thickness  of  the  tibia.  After  C 
weeks,     a.  Graft,     ft.  One  of  the  suture  wires  almost  buried. 

The  shaft  is  cut  down  through  the  length  of  the  graft.  Both  ends  are  firmly  imited 
to  the  bed  ;   the  graft  has  increased  in  thicknes?. 

Fig.  136. — Experiment  4.  Cortical  graft  of  half  the  thickness  of  the  tibia.  After  8 
weeks,  p.  Piece  of  the  shaft  cut  out  to  show  the  jimction  between  the  graft  and  its  bed. 
a.  Line  of    junction,     ft.  One  suture  wire. 

There  Is  perfeet  restoration  of  the  bone. 


The  conditions  of  these  experiments  represent  very  nearly  what  is  com- 
monly found  after  gunshot  fractures  with  loss  of  bone,  except  that  in  clinical 
practice  the  graft  would  generally  have  to  be  taken  from  another  bone  than 
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that  injured.    Here  again  it  may  be  remarked  that  there  is  no  evidence  of  the 
metal  sutures  or  pins  interferino-  with  the  j)rocess  of  bone  rejmir. 

Fig.  140  is  a  microphotograph  from  Experiment  5,  and  Fig.  141  from 
Experiment  6,  showing  the  layer  of  new  bone  between  the  graft  and  its  bed, 
with  well-marked  laeunar  erosion  of  both  bones. 


Fig.  137. 


Pig.  138. 


Fig.   139. 


Fig.  137. — Experiment  5.  A  cortical  graft  of  half  the  thickness  of  the  shaft,  with  a 
papain  the  remainder  of  the  bone.  After  G  weeks,  a.  Graft,  which  has  been  fixed  by  four 
wire  sutures. 

There  is  no  evidence  of  new  bone  formation,  except  at  the  edges  of  the  gap. 

Fig.  138. — Experiment  fi.  Cortical  graft  of  half  the  thickness  of  the  tibia,  with  a  gap 
in  the  shaft,     a.  Graft,  fixed  by  split  pins.  ■ 

Fig.  139. — Experiment  7.  Autogenous  cortical  graft,  fixed  by  split  pin«.  After  0 
weeks,     a,  Graft. 

J?.— IXTKAMEDULLARY    GkAFTS, 

The  simplicity  of  the  technique  involved  in  the  placing  of  a  short  bone 
peg  into  the  marrow  cavity  of  the  fragments  of  a  long  bone  from  which  there 
has  been  some  loss  of  substance,  has  made  this  a  very  common  practice  in  the 
treatment  of  vmunited  fractures. 

It  will  be  sufficient  to  describe  and  figure  four  experiments  illustrating 
this  procedure.  In  all  of  these  a  piece  of  the  whole  thickness  of  the  left  tibia 
was   removed,  and  a  graft  was  taken  from  the  crest  of  the  right  tibia  and 
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Fig.   140. — Experiment  5.     a.  Graft,     b,  Xew  bone  joining  graft  to  bed.     e.  Bone  bed. 


a 


—  i>. 


--  e 


Fig.   141. — Experiment  6.     a.  Graft,     b,  Fibrocartilage  joining  graft  to  bed.     c    Bone  bed. 
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employed  as  an  intramedullary  peg.     The  left,  i.e.,  the  divided  tibia,  was  sup- 
ported by  a  transfixion  apparatus.     All  the  cats  were  killed  after  six  weeks. 

Experiment  8  (Fig.  142). — In  this  the  graft,  which  fitted  well,  had  broken, 
and  the  fibula  also  was  fractured.  This  latter  accident  must  have  occurred 
just  before  the  animal  was  killed,  as  there  is  no  evidence  of  repair.  Both  por- 
tions of  the  graft  have  grown  firmly  into  theends  of  the  tibia,  which  shows 
scantv  callus. 


Fig.  l42.~Experiment  8.  Killed  after ^^'fi 
week*. 

Left  Htdn. — a,  Intramedullary  praft,  broken 
above  ;  firmly  grown  into  ends  of  fragments, 
but  forming  very  little  new  bone. 

Right  side. — The  graft  has  been  taken  from 
the  tibia.  The  bone  has  partly  fractured,  and 
undergone  great  callus  thickening.  The  fibula 
has  greatly  hypertrophied.  b,  TibiaiJ  callus, 
r.  Area  of  fibular  hyf)ertrophy. 


Fig.  143. — Experiment  9.  Killed  after 
6  weeks. 

Lejt  tibia. — a.  Intramedullary  graft.  The 
gap   in   the    bone    is  filled    by  soft   callus. 

Bight  tibia. — The  graft  was  taken  from 
this  side.  h.  The  area  from  which  a 
piece  of  bone  was  sawn,  perfectly  filled 
by  new  bone. 


The  right  leg  bones,  which  also  are  figured,  demonstrate  two  interesting 
points.  The  tibia  from  which  the  graft  was  taken  has  undergone  a  partial 
fracture,  which,  being  unsupported  by  any  apparatus,  has  been  subject  to  con- 
siderable mobility,  with  the  result  that  a  much  larger  mass  of  new  bone  has 
formed  than  that  removed  for  the  graft.  The  fibula,  too,  having  to  act  as  a 
splint  to  the  broken  tibia,  has  undergone  a  very  marked  hypertrophy.     The 
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contrast  between  the  presence  of  large  masses  of  new  bone  on  the  right  side 
and  its  absence  on  the  left  is  a  striking  evidence  of  the  influence  of  good 
blood-supply  and  free  mobility  in  the  promotion  of  osteogenesis. 

Experiment  9  {Figs.  148,  144). — In  this  the  medullary  jjeg  was  much 
looser;  but,  on  the  other  hand,  much  more  callus  has  been  thrown  out  by 
the  bone  ends,  enough  in  fact  to  fill  the  gap.  The  peg  lies  in  the  midst  of 
this  intramedullary  callus,  and  the  microphotograph  (Fig.  144)  shows  that  the 
dense  bone  of  the  graft  is  opened  up  by  lacunar  absorption  and  the  callus  is 
insinuating  itself  into  it.  The  evidence  of  this  specimen  is  that  the  bone-graft 
is  playing  a  purely  passive  role,  acting  neither  as  a  splint  nor  as  an  osteogenetic 


Fig.    144. — Experiment  9.     Intramadullary  graft  undergoing  lacunar  absorption - 


centre.  The  tibia  on  the  right  side,  from  which  the  graft  was  taken,  shows 
the  perfect  restitution  which  has  occurred,  the  gap  made  by  cutting  the  graft 
being  filled  up. 

Experiment  9a. — This  was  performed  some  years  ago,  but  the  illustrative 
figures  are  here  put  in  because  they  show  exactly  the  same  features  as  those 
of  the  last  case  {Figs.  145,  146). 

Experiment  10  {Fig.  147). — In  this  the  graft  was  made  to  fit  tightly.  It 
broke,  however,  at  the  jx)int  where  it  entered  the  upper  fragment.  The  manner 
in  which  the  intramedullary  fragment  is  firmly  fixed  is  shown  by  the  figure. 
The  endosteal  callus  is  growing  into  the  peg. 


VOL.   v. — NO.    18. 


15 


214       THE    BRITISH    JOURNAL    OF    SURGERY 

Experiment  11  {Fig.  148). — In  this  the  peg  was  fitted  as  tightly  as  possible. 
It  has  become  firmly  fixed  in  plaee,  but  there  is  no  new  bone  formed  to  fill 
the  gap,  and  the  peg  has  broken. 

This  series  of  experiments  shows  very  clearly  that  intramednllary  pegging 
with  live  grafts  is  of  very  little  vahie  as  a  method  of  indncing  osteogenesis. 
If  the  graft  fits  tightly,  it  is  very  apt  to  break ;  and  apart  from  this  serious 
drawback,  the  tight  ])lug  in  the  marrow  cavity  of  each  fragment  prevents 
the  ontgrowth  of  callns  from  this  situation.  In  Experiments  9  and  9cr,  in 
which  the  graft  lay  loose  in  the  marrow  cavity,  callus  had  been  jjoured  out  in 
sufficient  quantity  to  fill  the  bone  gap,  but  in  all  the  rest,  where  the  graft  acted 
as  a  plug,  there  was  a  conspicuous  absence  of  callus  repair.  An  intramedullary 
peg  is  a  very  inefficient  mechanical  method  of  bridging  a  bone  gap.  The  size 
of  the  peg  makes  it  too  weak  to  act  as  a  splint,  and  if  it  is  fitted  tightly  it  is 
snapped  off  by  the.  slightest  strain.  The  graft  acts  in 
a  very  passive  manner,  so  that  in  no  single  instance 
could  any  evidence  be  seen  of  new  bone  growing  from 
the  graft. 


^.Cr 


L.F. 


Fig.   145.  Fio.   14G. 

Fig.  145. — Experiment  fia.  After  43 
days.  A  graft  from  the  oppcsite  leg  lies 
firmly  growing  into  the  ends  of  the  bone 
and  surrounded  by  a  cartilaginous  callus. 
U.F,  Upper  fragment.  L.F,  Lower  frag- 
ment. E.C,  External  callus.  G,  Bono 
graft. 

Fio.  14fi.  Experiment  9a. — Skiagram 
of  cat's  tibia  shown  in  Fig.  146. 


Fio.  Ul.—Er- 
perim,ent  10.  The 
upper  part  of  the 
left  tibia,  with 
bone -graft  as  an 
intrariiedullary 
peg.  a,  The  peg, 
which  has  broken 
below ;  the  union 
was  therefore  a 
failure. 


Fio.  148.  —  Experi- 
ment 11.  After  6  weeks. 
«,  Intramedullary  bone- 
graft. 

Firm  union  ha.s  oc- 
curred, but  no  new 
bone  formation.  The 
graft     has     fractured. 
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C. — The  Influence  of  Fragmentation  on  the  Growth  of  a 

Graft. 

Experiments  12a,  126,  12c. — Some  years  ago,  when  experimenting  upon 
the  methods  of  fraeture  repair,  I  was  greatly  surprised  to  find  that  if  a  iK)rtion 
of  one  of  the  long  bones  was  removed,  broken  up  into  small  pieces,  and  replaced. 


149. 


Fig.  150. 


Fig.  149. — Erperiment  Ma.  Grafting  bone 
fragments.  After  15  days.  The  grafted  bone 
chips  lie  embedded  in  early  callus.  U.F.  Upper 
fragment.  L.  F,  Lower  fragment.  C.  Callus 
with  loose  bone  chips. 

Fig.  150. — Experiment  12a.  Skiagram  of 
tibia  illustrated  in  Fig.  149,  showing  separate 
fragments. 


Fig.  151. 
Fig.    151. — Experiment 


152. 


Fig. 

126.  Grafting  bone 
fragments.  After  70  days.  Except  that  the 
callus  is  cartilaginous,  there  is  not  much  advance 
over  the  15-day  specimen  shown  in  Fig.  149, 
many  of  the  chips  being  still  quite  distinct. 
C,  Callu-s.     B.  F,  Bone  fragments. 

Fig.  152. — Experiment  126.  Skiagram  of  tibia 
?:hown  in  Fig.  151.  The  chips  are  still  quite 
discrete. 


very  little  new  bone-formation  took  place.  This  is  in  great  contrast  to  what 
occurs  after  a  comminuted  fracture.  These  experiments  are  illustrated  in 
Figs.  149,  150,  151,  152,  and  153.  At  the  time,  I  thought  that  the  phenomena 
must  have  been  exceptional,  because  one  would  have  expected  the  [^divided 


216        THE    BRITISH    JOURNAL    OF    SURGERY 


bone  to  have  made  much  new  bone,  each  bit  forming  an  osteogenetic  centre ; 

in  fact  Macewen  has  made  this  statement,  and  his  dictum  has  been  accepted 

by  many.     I  have  repeated  these  experiments,  and  give  tlie  results  below. 
Experiment  12  {Fig.  154). — A  piece  of  the  left  tibia  was  removed  and  split 

up  into  as  small  pieces  as  possible  by  crushing,  and  then  replaced.  After  six 
weeks  the  pieces  of  bone  are  still  quite. distinct,  and 
not  even  firmly  miitcd  to  one  another  or  to  either 
main  fracment. 


Fi«.   153. 


Fig.   154. 


Fig.  155. 


Fig.   150. 


Fig.  153. — Experiment  12c.  Comminuted  fracture.  Fragments  left  in  situ.  After  8 
days.     A,  Small  fragments  of  bone.      B,  Callus  growing  from  the.se  fragments. 

Contrast  the  behaviour  with  that  of  the  bone  chips  removed  and  replaced  shown  in 
Figs.  149,  151. 

Fig.  154. — Experiment  12.  Piece  removed  from  tibia,  fragmented,  and  replaced. 
After  G  weeks,     a,  Broken-up  portion. 

Note  the  indolence  of  the  bits  of  bone,  and  the  absence  of  new  bone  growth. 

Fig.  155. — Experiment  13.  Graft  broken  up  into  small  bits,  a.  Fragmented  portion, 
exposed  by  a  ssaw-cut,  which  has  broken  out  some  of  the  pieces. 

The  lower  fragment  has  become  inflamed,  and  has  formed  periosteal  new  bone,  which  has 
partly  easheathed  the  indolent  fragments. 

Fig.  156. — Experiment  14.     After  6  weeks,     a.  Fragmented  graft.     No  new  bene. 
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Experiment  13  {Fig.  155). — The  same  as  the  last.  In  this  specimen  a  definite 
periostitis  has  occurred  in  the  lower  fragment,  starting  at  the  transfixion  hole. 
This  has  caused  a  sheath  of  periosteal  new  bone  to  grow  up  roiuid  the  frag- 
ments. But  otherwise  the  latter  are  just  as  indolent  in  appearance  as  in  the 
last  experiment.  Where  the  specimen  has  been  cut  down  to  show  the  struc- 
ture, several  of  the  pieces  have  fallen  out. 


a 


Fig.  157. — Experiment  15. 
Bone-diist  grafting.  After  (> 
weeks.  a.  Area  reduced  to 
powder. 

The  bone  dust  is  replaced 
by  connective  tLssue. 


Fio.    158. — Experiment   16. 

Right  Tibia. — Half -thickness"'  reduced  to  dust. 
a.  Area  of  experiment.  Re-formation  of  normal 
spongy  bone. 

Left  Tibia. — Half-thickne&s  fragmented,  b.  Area 
of  experiment.     Evidence  of  new  bone. 


Experiment  14  {Fig.  156)  shows  exactly  the  same  result  as  Experivient  12. 
The  fragments  are  loosely  cemented  together,  one  having  fallen  out  when 
being  cut,  but  there  is  no  evidence  of  osteogenesis. 

Experiment  15  {Fig.  157). — A  piece  of  the  whole  thickness  of  the  tibia  was 
cut  out,  and  reduced  to  powder  by  a  small  grinding  machine  made  by  a  reamer 
working  in  a  steel  socket.  The  dust  was  replaced  in  its  periosteal  tube. 
After  six  weeks  the  bone  dust  had  been  completely  absorbed,  and  replaced  by 
blood-stained  connective  tissue.     There  is  no  evidence  of  new  bone  formation. 
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■Fig.    159. — Experiment    16   (left   tibia).      Active  osteogenesis   is    proceeding    from    one 
bone  fraginent. 


Fio.  IGO. — Experiment  l(i  (right  tibia).  On  the  right  is  seen  the  compact  bono  of  the 
shaft,  from  which  is  growing  the  new  spongy  bone.  Only  debris  rfmain.s  of  the  grafted 
bone  dust. 
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Experiment  16  {Fig.  158). — Half  the  thickness  was  removed  from  both 
tibias  for  a  distance  of  about  an  inch.  On  the  left  side  the  piece  was  broken  up 
into  little  bits  and  replaced,  on  the  right  side  it  was  reduced  to  powder  and 
replaced.  On  the  left  side  there  was  evidence  of  new  bone  formation  round 
all  the  fragments,  and  this  is  borne  out  by  microscopical  examination  (Fig.  159). 
On  the  right  side,  where  dust  was  used,  the  tibia  has  re-formed  to  exactly  its 
normal  thickness.  Microscopical  examination  shows  that  this  is  due  to  spongy 
callus  growing  from  the  bed  of  the  cut  shaft,  and  there  is  no  trace  of 
the  dust  except  a  little  debris  {Fig.  160). 


a:' 


Experiment    17.       Bone-dust   graft. 


Fii;.    102. 
No    new    bone   after 


Fig.  162. — Experiment  18.  Bone-dust  graft,  a.  Area  "of  experiment. 
In  this  area  there  is  no  new  bone,  simply  blood-stained  connective  tissue. 
A  sheath  of  fibrocartilage  has  formed  under  the  periosteum. 


Experiment  17. — A  piece  of  the  tibia  was  removed  and  reduced  to 
dust,  and  this  was  replaced  in  the  gap.  After  six  weeks  there  is  nothing 
in  the  gap  except  blood-stained  connective  tissue  {Fig.  161). 

Experiment  18  {Fig.  162).— The  same  as  the  last.  In  this  the  gap  is 
filled  %\ith  connective  tissue  only,  but  the  periosteum  has  formed  a  sheath 
of  fibrocartilage.  Fig.  163  shows  the  microscopical  appearance.  Callus 
is  growing  from  the  bone  ends,  and  bits  of  the  dust  can  be  seen  as  debris. 
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This  scries  of  experiments  demonstrates  very  conclusively  that  frag- 
mentation of  a  living  graft  docs  nothing  towards  increasing  its  osteogenesis. 
In  only  one  (Experiment  16)  was  there  any  evidence  of  an  active  osteogenesis 
occurring  round  the  bits  of  bone.  In  this  the  whole  thickness  of  the  shaft 
had  not  been  removed,  but  only  half,  and  the  pieces  of  bone  were  laid  upon 
the  raw  bone  and  marrow  surface.  It  is  probable  that,  under  the  circum- 
stances,   the  bits  of  bone  quickly  got  a  new   blood-supply  which   promoted 


Fig.  103. — Experiment  18.  Spongy  new  bone  in  seen  on  the  left,  fibrocartilage  on  the 
right.  (Just  outside  the  microscopical  field  shown  in  the  figure  there  is  a  fragment  of  bone 
dust,  qiiite  dead.) 

their  osteogenetic  activity.  But  in  all  the  other  cases  where  bone  chips 
were  used  to  fill  a  gap,  these  acted  in  an  extremely  indolent  fashion,  and 
at  the  end  of  six  weeks  there  was  no  bony  union  of  the  gap.  Bone  dust, 
too,  is  even  more  negative  in  its  behaviour.  Even  when  all  precautions 
are  taken,  by  using  a  coarse  reamer,  slowly  revolving  to  prevent  heating, 
the  dust  produced  shows  no  osteogenetic  properties.  It  is  absorbed,  and 
replaced  by  connective  tissue. 


D. — The  Influence  of  Insecure  Fixation. 

When  a  bone-graft  is  used  to  fill  a  gap  in  a  bone  where  there  is  no  loss  of 
continuity,  it  requires  no  suture  fixation,  because  there  is  no  tendency  for  it  to 
be  moved.     But  it  is  quite  otherwise  when  a  graft  is  used  to  bridge  a  gap  in  one 
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of  the  long  bones,  or  to  make  good  a  defective  repair  of  a  fracture.  Under  these 
circumstances,  even  if  external  means  of  immobilization  be  most  accurately 
applied,  there  is  a  tendency  to  movement  between  the  graft  and  its  bed  which 
is  very  inimical  to  healing. 

Experiment  19  {Fig.  164). — The  femur  of  a  cat  was  divided.  From  the 
superficial  part  of  the  shaft,  above  and  below  the  fracture,  a  piece  about  half 
an  inch  long  was  cut  out.  Into  the  cavity  a  piece  of  the  crest  of  the  tibia  was 
tied  bv  two  metal   sutures.      No  other  fixation.      After  six  weeks  there  was 


b-- 


^W'^ 


Fig.  164.  Fig.  165. 

Fkj.  164. — Experiment  19.     Femur  of  cat,  fractured,  and  repaired  by  an  inlay  graft  of 
the  tibia,  secured  by  wires.     After  6  weeks,     a.  Graft.     6,  CalJus. 

The  graft  has  not  taken  at  all,  but  there  is  great  callus  excess  in  the  repair  of  the  fraetiue. 

Fig.  165. — Experiment  20.     Fracture  of  tibia,  with  a  graft  from  the  same  ix>ne  fixed  by 
two  wire  sutures.     After  6  weeks,     a.  Graft. 
Frfulty  union,  and  no  fixation  of  the  graft. 


massive  callus  union,  but  the  graft  was  quite  distinct,  and  had  neither  grown 
to  its  bed  nor  contributed  in  any  way  to  repair,  except  that  it  had  acted  as 
a  rather  inefficient  splint.  The  callus  excess  produced  cannot  be  attributed 
to  any  specific  stimulation  of  osteogenesis  by  the  graft,  because  just  the  same 
growth  occurs  in  any  fracture  of  the  lower  end  of  the  femur  which  is  not 
completely  immobiUzed. 

Experiment  20  {Fig.  165).— The  tibia  of  a  cat  was  divided  after  a  piece 
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Fig.  106. — Diagram  of  graft  fixed 
by  two  double  wire  sutures  passed  round 
graft  and  bone.    Compare  with  Fig.  133. 


one  inch  long  had  been  cut  from  its  anterior  surface.     This  was  rc-applicd, 

and  fixed  by  two  double  sutures  passed  round  the  bone  and  the  graft  {Fig. 

166).  No  supporting  aj)paratus.  It  will 
be  noticed  that  this  method  of  fixation 
is  very  much  less  secure  than  that 
employed  in  Experiments  2,  3,  4.  After 
six  weeks  the  bone  Avas  badly  united  at 
a  considerable  angle.  The  graft  was  quite 
bare,  and  there  was  no  iniion  between 
it  and  the  bed.     The  upper  fragment  had 

thrown  out  some  epiosteal  bone  which  had  partly  covered  in  the  upper  part 

of  the  graft. 

Experiment    21    {Fig.    167). — A    piece   an    inch 

long  was  removed  from  the  front  of  the  tibia.     A 

gap  a   quarter  of  an   inch   long   was   made   in   the 

shaft,  and  the  first   piece  was  then  rc-a])plicd,  and 

fixed   in   place   by   catgut   ligatures.      The   leg   was 

fixed  by  a  double-transfixion  apparatus.      After  six 

weeks  there  was   marked   angulation.      The    upper 

end  of  the  graft  is  united  to  the  shaft  by  a  firm 

fibrous  band. 

These   experiments   demonstrate   the   great  im- 
portance of  firm   and   lasting  fixation  of  the   graft 

to  its  bed.     It  is  nothing  more  nor  less  than  the 

necessity    for   firm    fixation    similarly    observed    in 

plant-grafting.     It  would  hardly  need  demonstration 

or  emphasis  if  it  were  not  for  the  modern  tendency 

to  employ  only  absorbable  ligatures.      These  afford 

no  fixation  in  the  real   sense   of   the  word    after  a 

few  hours,  when  they   become   softened    and   yield 

before   any  strain.     A  comparison  of  the  results  of 

Experiments  2,  3,  4,  5,  6,  and  7,  in  which  efficient 

fixation  by  wire  or  pins  was  employed,  with  those 

where  inefficient  fixation  by  wire  or  suture  by  cat- 
gut was    used,   leaves    no  room  for  doubt,   if  such 

could  ever  seriously   be  entertained,  that  firm  and 

lasting  fixation  of  the  graft  to  its  bed  is  a  factor 

of  prime  importance  in  all  cases  where  continviity  of 

the  shaft  of  a  long  bone  is  destroyed. 


E. — The  Reaction  of  Living  Bone  to 
Metallic  Suture  or  Pins. 


Flo.  I(i7. — Experiment 
21.  Bone  gi-aft  of  the 
tibia  used  to  bricjpe  a  gap. 
Fixation  by  catgtit.  After 
0  weeks,     a.  Graft. 

Faulty  position,  and  no 
union  between  the  graft 
and  the  lower  fragment. 


This   subject  is   closely  related  to  the  last.     In 
the  first  place  a  reference  may  be  made  to  Experiments  2,  3,  4,  5,  6,  and  7, 
in  all  of  which  ideal  healing  of  a  grafted  bone  occurred  after  the  proper  use 
of  metal  sutures  or  of  perforating  spht-pins.     In  none  of  these  was  there  any 
sign  of  excessive  irritation,  much  less  of  suppuration  or  the  formation  of  a  sinus. 
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Fir..   1()8. 


-Diagram  of  graft  fixed  by 
bolts  and  nuts. 


If  a  graft  be  tightly  bolted  to  a  piece  of  living  bone,  as  in  the  accom- 
panying diagram  {Fig.  168),  there  will  be  observed  two  results  : 

1.  At  the  points  where  the  metal 
presses  upon  the  bone,  absorption  will 
take  place  until  tension  is  relieved,  exactly 
as  in  the  case  of  a  suture  tied  tightly  in 
the  soft  tissues.  But  this  is  a  vital  pheno- 
menon. It  involves  vascularization  and 
cellular  proliferation  of  the  bone,  and  these 

two  processes  are  productive  of  new  bone  formation.     In  the  case  of  a  graft, 
where  at  first  the  circulation  is  absent  and  the  cells  of  a  low  vitality,  it  will 

hardly  occur  at  all,  and  therefore 
the  loosening  of  the  grip  of  a 
metal  suture  upon  a  bone-graft 
will  not  occur  luiless  or  until  the 
graft  begins  to  be  vascularized  and 
to  grow. 

2.  After  a  time  the  new  bone 
grows  round  and  encapsules  the 
metal  suture  or  pin  in  the  manner 
demonstrated  in  Experiments  3 
and  4.  This  stimulation  of  bone 
gro\\'th  by  metal  foreign  bodies  is 
seen  in  a  more  pronounced  degree 
in  the  following  experiments. 

Eiyeriment  22  {Fig.  169). — A 
simple  fracture  of  the  femur  in  a 
cat,  united  by  a  long  steel  plate 
bearing  four  quadrant  flanges 
which  partly  encircle  the  shaft, 
and  through  which  are  passed 
split-pins.  After  six  weeks  there 
is  good  massive  union,  though  the 
plate  has  been  bent  a  little.  The 
plate  and  the  ends  of  the  pins  are 
partly  buried  in  cpiosteal  new  bone. 
Healing  was  by  primary  union,  and 
there  was  no  suppuration. 

Experiment  23  {Fig.  170).— 
This  is  similar  to  the  last,  except 
that  the  plate  is  a  strong  simple 
plate,  and  the  pins  perforate  the 
whole  thickness  of  the  shaft. 
Killed  after  eight  weeks.  The 
plate  and  pins  are  almost  buried 
in  new  epiosteal  bone.     Union  was  primary,  and  there  was  no  suppuration. 

These  experiments,  together  with  the  previous   ones,  demonstrate  that 
properly-applied  metal  sutures  or  pins  serve  to  keep  a  graft  accurately  applied 


Fig.   1G9.  Fig.   170. 

Fig.  109. — Experiment  22.  Fenrnir  of  a  cat 
after  a  simple  fracture  imited  by  a  long  steel 
plate,  showing  the  epiosteal  bone  beginning  to 
ensheathe  the  metal.     After  6  weeks. 

Fig.  170. — Experiment  23.  Femur  of  a  eat 
after  a  simple  fracture  united  by  a  steel  plate 
and  split  pins.  After  8  weeks.  The  plate  is 
almost  buried  in  epiosteal  new  bone. 
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to  its  bed  whilst  groAvth  is  occurring  between  the  two,  and  that  the  Uving 
bone  is  not  prevented  from  osteogenesis  by  their  presence.  Eventually  they 
become  eneapsuled  by  a  covering  of  new  bone. 

F. — Homogenous  and  Dead-bone  Grafting. 

Besides  the  living  bone-graft  taken  from  the  same  individual,  i.e.,  the 
autogenous  graft,  there  arc  two  other  possible  sources  of  bone  for  filling  osseous 
defects.  These  are  the  bones  taken  from  other  individuals  of  the  same  species — 
homogenous  grafts — and  dead  bone.  It  seems  to  be  so  well  established  that 
bones  of  animals  of  another  species  act  simply  as  dead  bone,  that  it  is  not 
worth  while  to  examine  the  possibilities  of 
heterogenous  grafts  as  distinct  from  the  latter.  r 


e- 


c--^ 


Fig.  171. — Experiment  24.  Into  both  tibias 
of  a  cat  three  holes  have  been  drilled.  After 
0  weeks,  a.  Hole  filled  with  autogenous  living 
bone.  6,  Homogenous  liv-ing  p»eg.  c,  Peg  of 
boiled  bone. 

All  have  grown  in  place  similarly. 


Fig.  172. — Experiment  26. 
A  graft  from  the  fresli  femur  of 
one  cat  fixed  into  a  gap  in  an- 
other cat's  tibia.  After  6  weeks. 
o.  Graft, 


I  know  of  only  one  observation  contrary  to  this  assertion,  and  that  is 
Kiittner's  case  of  the  implantation  of  the  fibula  of  a  Java  ape  to  make  good 
the  absence  of  the  fibula  in  a  congenital  defect.     His   skiagram   shows  the 
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survival  of  the  bone  ;  but  it  has  not  grown,  and  therefore  there  is  nothing 
to  prove  that  it  retained  its  vitaHty,  or  acted  differently  from  a  dead  bone. 

Experiment  24. — Autogenous,  Homogenous,  and  Dead-bone  Pegs. — 
The  anterior  surface  of  a  cat's  tibia  was  drilled  by  an  |-in.  drill  in  three  places 
{Fig.  171).  Into  the  three  holes  were  fimily  driven  round  pegs,  formed^irom : 
(1)  The  same  cat's  tibia  ;  (2)  The  femur  of  another  cat,  recently  killed  ;  and 
(3)  The  same  source  as  the  last,  the  peg  being  boiled  for  half  an  hour.  Both 
tibias  were  treated  in  this  way,  the  one  specimen  being  used  for  microscopical 
examination,  the  other  being  preserved  whole. 

After  six  weeks,  all  three  pegs  have  become  firmly  incoqjorated  into  the 
shaft  of  the  bone,  and  no  difference  can  be  detected  between  any  of  them. 


Fig.  173. — Experiment  25.     Rarefaction  at  the  edge  of  a  homogenous  graft. 

On  sawing  the  specimen  across,  all  the  pegs  are  quite  fixed,  and  show  no  tendency 
to  fall  out.  Microscopically,  there  is  very  little  difference  to  be  noticed.  The 
dense  bone  of  the  shaft  round  the  pegs  is  rather  more  open  in  texture  than 
normal,  owing  to  new  blood-spaces,  and  rather  richer  in  cellular  contents. 
The  tissue  of  none  of  the  pegs  shows  any  surviving  cells  ;  it  exhibits  some 
erosion  at  the  peripher\%  where  it  is  being  encroached  upon  by  the  living  bone. 
There  is  a  practical  importance  in  this  observation,  because  it  shows  that 
when  used  as  nails,  dead-bone  or  ivory  pegs  act  just  as  well  as  living  ones.  It 
is  obvious  that  it  is  much  more  practical  to  have  bone  or  ivory  nails  prepared 
of  the  right  size  and  shape  beforehand,  than  to  prolong  any  bone-grafting 
operation  in  order  roughly  to   ashion  living  pegs  from  the  patient's  bone. 
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Homogenous  Bone-grafts. 

Experiment  25  {Figs.  172,  173). — Into  a  gap  in  a  cat's  tibia  was  fixed  a 
piece  of  the  femur  of  another  cat  just  killed.  The  fixation  was  similar  to  that 
employed  in  Experiment  5,  by  wire  suture  and  a  double-transfixion  appara- 
tus.  The  result,  as  judged  by  macroscopical  and  microscopical  examination, 
was  exactly  the  same  as  when  an  autogenous  graft  was  employed. 

Experiment  26  {Fig.  174). — This  was  exactly  similar  to  the  last.  The 
result  was  even  more  favourable^ — not  only  had  the  graft  grown  to  the  bed  at 

the  end  of  six  weeks,  but  the  gap 
made  in  the  shaft  had  become 
evenly  filled  with  new  bone. 

Experiment  27  {Fig.  175).— 
A  piece  of  tibia  of  one  cat  was 
grafted  into  a  gap  in  the  tibia  of 
another  cat.  It  was  fixed  by  wire 
sutures  and  transfixion.  After  six 
Aveeks  the  specimen  shows  firm 
bony  imion  between  the  grafts 
and  the  bed,  there  being,  however, 
a  little  displacement,  with  con- 
siderable callus  excess.  Fig.  17C 
shows  the  characteristic  growth 
CL  Ife  ^iH  ^^  "^^^    epiosteal,    endosteal,   and 

HaA^ersian  new  bone  in  the  graft. 

The  Comparison  of  Dead 
and  Living  Bone-grafts  in  tlie 
Repair  of  Defects  in  the  Long 
Bones. 

The  observation  recorded  in 
Exjoeriment  2\  above,  showing 
the  similar  behaviour  of  dead  and 
living  bone  when  used  as  pegs 
driven  into  compact  bone,  might 
lead  to  the  assumption  that  a 
dead-bone  graft  would  serve  as 
well  as  a  living  one  for  the  repair 
of  a  defect  in  the  continuity  of  a 
long  bone.  In  order  to  test  this, 
a  series  of  experiments  was  per- 
formed in  which  only  half  of  the 
thickness  of  the  shaft  of  the  tibia 
wasremoved,  the  remainder  not  being  fractured.  Both  tibias  were  operated 
upon  in  the  same  animal.  Into  the  defect  on  one  side  was  placed  a 
living  graft  taken  from  the  femur  of  another  cat,  jtist  killed.  On  the 
other  side  was  sutured  a  piece  frcm  the  same  bone  (i.e.,  homogenous  femur) 
which  had  been  boiled  for  a  quarter  of  an  hour.  No  transfixion  apparatus 
was  used  : — 


Fig.   174.  Fig.  175. 

Fig.  174. — Experiment  20.  Homogenous 
graft  from  a  cat's  fresh  femur  into  another  cat's 
tibia.      After  0  weeks,     a.  Graft. 

Fig.  17''>. — Experiment  27.  Homogenous 
graft  from  the  tibia  of  one  cat  into  that  of 
another.     After  G  weeks,     a.  Graft. 
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Experiment  28  {Fig.   177). — Primary  union  occurred  on  both  sides. 

Lejt  Tibia  :  Living  Graft. — After  eight  Meeks  the  bone  is  almost  exactly 
re-formed.  Along  three  sides  of  the  graft  and  more  than  half  of  the  fourth  side 
there  is  bony  imion  between  it  and  its  bed.  Only  on  the  smaller  portion  of 
one  edge  is  there  a  distinct  line  between  the  two  jx»rtions  of  bone. 

Right  Tibia  :  Dead  Graft. — ^After  eight  weeks  rather  a  remarkable  condi- 
tion exists.  The  line  of  the  bone  has  been  preserved.  The  graft  lies  quite 
smooth  and  bare  in  a  cavity  which  is  partly  surroiuided  by  callus  overgro\\'th 
from  the  shaft.     The  shaft  has  undergone  spontaneous  fracture.     That  this 


Fig    176. — Experiment  27.     Ked  =  graft ;    Blue  =  new  bone  tissue,     h.  Graft, 
a,  Epiosteal.     c.  Endosteal,     d.  Haversian  new  bone  formation. 


IS  not  a  primary  fracture,  due  to  strain  acting  on  the  weakened  bone,  is  shown 
by  the  fact  of  the  bone  as  a  whole  having  remained  in  good  position  whilst  the 
callus  involucrum  was  forming.  One  portion  of  the  shaft  to  which  the  frag- 
ment was  wired  has  undergone  necrosis.  The  area  in  which  the  graft  lay  was 
covered  by  turbid  fluid,  and  although  this  was  encapsuled  by  the  soft  parts, 
and  the  skin  was  unbroken,  it  would  probably  in  time  have  made  its  way  to 
the  surface  and  given  rise  to  a  sinus.  In  this  specimen,  therefore,  not  only  has 
the  graft  not  united,  but  a  part  of  the  shaft  has  necrosed,  and  actual  solution 
of  continuity  of  the  bone  has  resulted. 
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E.vperinient  29  {Fig.  178). — The  cat  was  killed  after  eight  weeks. 

Right  Tibia  :    Living  Graft. — Perfect  bony  union,  the  line  between  the 
graft  and  its  bed  being  much  obscured. 

Left  Tibia  :  Dead  Graft. — Spontaneous  fracture  lias  occurred,  with  union  in 
a  position  of  much  angulation,  accompanied  by  great  callus  excess.  The  graft 
has,  however,  firmly  united  to  the  shaft  of  the  bone  above  the  fracture  by 
dense  bony  imion.  Along  one  long  side  of  the  graft,  between  it  and  its  bed, 
is  a  band  of  rather  porous  vascular  bone  {Fig.  178  x),  evidently  formed  at  the 
expense  of  the  shaft,  but  nevertheless  as 
firmly  united  to  the  graft  as  to  the  shaft. 
The  .  huge^  mass  of  exuberant  callus  has 
been  [formed  by  the  shaft  below  the 
fracture,  and  on  one  side  it  has  almost 
covered' in  the  grafted  area. 


Fig.  177. — Experiment  28.  Both 
tibias  are  from  the  tiame  cat.  The  left- 
hand  one  has  a  living  homogenous  graft 
from  a  fresh  cat's  femur.  The  right-hand 
one  has  a  boiled  graft,     a,  Graft. 


Fig.  118.— Experiment  29.  Both 
tibias  are  from  the  same  cat.  On  the 
left  side  is  a  living  homogenous  graft. 
On  the  right  side  is  a  Doiled  graft. 
a.  Graft,  x,  Area  of  living  bone  which 
is  penetrating  a. 


Experiment  30  {Fig.  179). — The  animal  was  killed  after  eight  weeks. 

Bight  Tibia  :  Living  Graft. — The  graft  has  healed  by  firm  osseous  union. 
There  is  considerable  overgrowth  of  epiosteal  bone  from  the  shaft,  and  this  is 
beginning  to  grow  up  over  the  graft.  There  is  slight  angulation  of  the  bone, 
which  suggests  that  a  partial  fracture  has  occurred,  accounting  for  the  callus 
excess. 


METHODS    OF    BONE    TRANSPLANTATION     229 


Left  Tibia  :  Dead  Giaft. — ^Thcrc  is  firm  union,  with  great  callus  excess, 
angulation  of  the  bone  suggesting  a  partial  fracture  of  the  shaft.  Along  a 
part  of  its  periphery  the  graft  is  inseparable  from  its  bed,  but  at  other  points 
it  is  quite  distinct. 

The  general  result  of  these  three  experiments  clearly  indicates  the 
practical  superiority  of  a  living  graft,  even  if  taken  from  another  animal  of 
the  same  species,  over  a  dead  bone-graft. 
In  all  three  the  living  grafts  gave  a  very 
good  result,  whilst  in  all  the  dead  graft 
gave  a  bad  or  indifferent  one.  The  fact 
is  remarkable  that,  in  all  cases,  fracture 
of  the  shaft  occurred  when  a  defect  in 
half  its  thickness  had  been  repaired  by  a 
dead  graft.  This  only  occurred  once  with 
a  living  graft,  and  only  in  a  slight  degree. 

Nevertheless,  Experiments  29  and  30 
certainly  prove  that  a  dead  graft  may 
actually  become  inseparably  united  to  its  s     4iH        a. 

bony  bed,  and  therefore  the  employment 
of  such  a  structure  cannot  be  regarded  as 
useless  if  other  material  is  imavailable. 


h 


^* 


Fig.  179. — Experiment  30.  Both 
tibias  are  from  the  samo  cat.  On  the 
left  side  is  a  homogenous  living  bone- 
graft.  On  the  right  .side  is  a  boiled 
graft.     After  8  week.s.     a.  Graft. 


SUMMARY     OF    EXPERIMENTAL    RESULTS. 

1.  The  most  ideal  graft  is  a  piece  of 
living  bone  used  in  its  entire  thickness. 

2.  Any  kind  of  bone-graft  gives  better 
results  when  used  whole  than  when  broken 
up  into  small  fragments. 

3.  Fragments  of  living  bone,  unless 
closely  in  contact  with  vascular  tissue,  act 
as  indolent  and  passive  structures,  and 
display  no  osteogenesis. 

4.  Dust  formed  from  living  bone  does 
not  maintain  its  vitality. 

5.  Cortical  grafts  are  far  better  than  intramedullar\ . 

6.  An  intramedullary  graft,  if  small  and  loose,  takes  no  part  in  repair, 
neither  does  it  act  as  a  splint.  If  it  fits  the  marrow  cavities  of  the  fragments 
tightly,  it  hinders  osteogenesis  and  is  frequently  subject  to  fracture. 

7.  The  success  of  a  living  graft  depends  very  largely  upon  :  {a)  The 
extent  of  its  contact  with  living  bone  ;  {b)  The  accuracy  of  its  apposition  ; 
(c)  The  firmness  of  its  fixation. 

8.  Firmness  of  fixation  is  of  paramoimt  im|X)rtance  in  the  repair  of  defects 
in  long  bones  by  grafting. 

9.  A  graft  of  dead  bone  (boiled),  properly  fixed  by  metal  sutures,  will  give 
a  better  result  than  a  living  autogenous  graft  fixed  by  catgiit  alone. 

10.  Metal  sutures  and  pins  are  useful  in  the  fixation  of  many  grafts. 
When  properly  applied  they  secure  the  necessary  fixation,  and  there  is  no 
evidence  that  they  hinder  osteogenesis. 
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11.  For  use  as  pegs  or  nails  there  is  no  advantage  in  using  living  over  dead 
bone. 

12.  Homogenous  grafts,  under  favourable  eircumstances,  act  just  as  well 
as  autogenous. 

13.  Dead  bone-grafts  are  certainly  inferior  to  living  when  used  to  fill 
defects  in  the  long  bones,  but  under  favourable  eircumstances  they  become 
strongly  incorporated  into  the  living  skeleton. 

14-.  Provided  that  secure  fixation  of  the  graft  to  its  bed  is  not  disturbed, 
mobility  of  the  limb  favours  osteogenesis,  whilst  immobili/ation  hinders  it. 
(Compare  Experiments  3,  28,  29,  30,  where  no  fixation  apparatus  was  used, 
with  Experiments  5,  25,  26,  where  the  limb  was  held  by  the  double-transfixion 
splint.) 

III.    CLINICAL    METHODS:     GENERAL    PRINCIPLES. 

Aseptic  Technique. — Unfortunately  there  has  arisen  an  idea  that  bone 
surgery  requires  a  s])eeial  form  of  aseptic  ritual.  The  reasons  for  this  are 
various.  In  the  days  before  aseptic  surgery,  septic  infection  was  so  frequent 
and  so  severe  as  a  result  of  operations  upon  bones,  that  no  direct  attack 
upon  them  was  justified  except  as  a  matter  of  grave  urgency.  The  contrast 
between  the  course  of  an  open  and  that  of  a  closed  fracture  in  pre-antiseptic 
days  was  held  to  be  evidence  enough  of  the  dangers  of  open  exposure  of 
bone  tissue.  When  Lane  first  essayed  to  operate  upon  closed  fractures,  he 
had  to  face  this  prejudice,  and  in  order  to  do  so  he  established  a  veiy 
rigorous  technique.  The  main  features  of  this  are  that  no  finger  touches 
either  the  wound  or  anything  put  into  the  woimd  ;  h;cmostasis  is  by  forci- 
prcssure,  and  no  ligatures  arc  applied.  This  technique  has  been  continued 
by  many  to  the  present  day,  and  it  is  accountable  for  the  fact  that  operative 
measures  are  limited  to  simple  and  superficial  manij)ulations,  e.g.,  the  screwing 
of  a  plate  on  to  the  surface  of  a  bone.  Since  Lane  first  began  operating  on 
closed  fractures,  aseptic  technique  has  so  greatly  improved  that  his  precautions 
are  quite  unnecessary.  Rubber  gloves  are  perfectly  able  to  render  finger-touch 
sterile,  and  in  order  to  avoid  the  danger  of  tearing,  cotton  gloves  may  be 
worn  over  the  rubber.  Good  bone  surgery,  and  especially  bone  grafting, 
requires  accurate  fitting  and  fixing,  and  for  these  manipulations  the  fingers  are 
necessary.  The  '  don't-touch-the-wound  '  technique,  I  venture  to  think,  is  not 
justified  by  its  results :  when  by  its  use  plates  are  screwed  to  bones,  in  many 
eases  a  subsequent  sinus  is  formed,  necessitating  a  further  operation  for  the 
removal  of  plate  and  screws.  The  inclTieient  mechanical  fixation  imposed  by 
the  long  instruments  and  absence  of  finger  contact  allows  movement  between 
the  bones  and  the  plate,  thus  causing  an  outpouring  of  fluid,  which  leaks  through 
the  old  scar  and  then  sets  up  secondary  infection.  Sound  mechanical  fixation, 
accurate  fitting,  and  tight  suturing  are  much  more  sure  means  of  preventing 
infection  than  merely  keeping  the  fingers  out  of  the  wound. 

Exclusion  of  the  skin  surface  from  contact  with  the  fingers  and  the  instru- 
ments is  very  imj^ortant.  I  have  found  that  the  simplest  way  of  attaining 
this  is  as  follows  :  The  skin  is  prepared  beforehand  by  shaving  and  by  iodine. 
After  the  anasthelic,  iodine  is  again  freely  swabbed  over  the  limb,  and  allowed 
to  dry.     Then  a  length  of  the  tubular  Avovcn  material  known  as  stockingctte, 
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which  has  been  steriHzed,  is  passed  over  the  Unib,  fixed  above  by  a  bandage, 
and  below  it  is  tied  together.  The  necessary  incisions  are  then  made  through 
this  material  and  the  skin.  The  edges  of  the  stockingette  are  fixed  by 
Michel's  Clips  to  the  cut  skin  edges,  and  this  is  not  disturbed  until  the 
ver\'  last  stage  in  the  operation.  This  method  is  not  only  very  effective  in 
excluding  the  skin  from  the  wound,  but  it  is  very  convenient  when  more  than 
one  incision  has  to  be  made,  e.g.,  when  both  radius  and  ulna  have  to  be 
exix)sed.  The  avoidance  of  forceps  attaching  the  material  to  the  skin  is  an 
advantage,  because  the  oj^erative  field  is  not  encimibered  by  these,  nor  is 
there  any  risk  of  their  slipping  off.  The  soft  parts  should  be  held  aside  by 
a  suitable  self-retaining  retractor,  so  that  they  are  bruised  as  little  as  possible 
by  handling. 

Latent  Sepsis.^ — It  is  a  matter  of  clinical  and  experimental  evidence  that 
the  occurrence  of  a  slight  degree  of  sepsis  does  not  prevent  bone  repair,  though 
it  generally  hinders  and  delays  it.  It  might  therefore  be  thought  that  in  dealing 
with  the  late  results  of  an  open  septic  fracture,  it  is  not  necessar\'  to  wait  for 
the  absolute  subsidence  of  sepsis  before  attempting  a  bone-graft.  But  this 
is  a  ver\'  serious  mistake.  After  a  septic  fracture,  active  inflammation  may 
subside  imtil  only  a  sinus  remains  ;  or  this  may  heal  up  and  yet,  in  the  scar 
tissue,  real  infective  material  of  a  very  active  sort  remain  latent,  and  any 
A\'ide  opening  up  of  the  tissues  will  cause  this  latent  sepsis  to  spring  into 
a  most  malign  activity.  In  any  case  where  a  sinus  remains,  or  any  open 
w^ound,  it  is  utterly  imjustifiable  to  attempt  a  bone-grafting  o|)eration.  The 
right  thing  to  do  is  to  extirpate  the  sinus,  and  then,  when  healing  has  occurred, 
to  wait  for  several  months,  treating  the  limb  by  massage.  If  no  septic  relapse 
occurs  under  this  treatment,  then  the  further  operation  may  be  undertaken. 
Methods  of  treating  the  sinus  by  injections  of  bismuth  or  iodoform,  which  are 
quite  good  for  ordinar\'  purposes,  seem  to  me  rather  dangerous  here.  They 
may  subdue  the  sepsis  enough  to  allow  of  healing,  but  there  is  always  a  great 
risk  that  germs  are  merely  encapsuled  and  will  be  released  into  activity  when 
the  parts  are  oj^ened  up.  It  is  much  better  to  wait  a  long  time,  and  to  do 
several  ojjerations  for  the  excision  of  sinuses  and  the  removal  of  loose  bits  of 
bone,  than  to  light  up  a  severe  septic  conflagration  by  a  premature  bone- 
grafting,  as  this  not  only  endangers  the  life  of  the  limb,  but  certainly  ^\^ll 
cause  loss  of  more  bone  from  necrosis. 

The  Treatment  of  Scar-tissue. — After  most  septic  gunshot  fractures  there 
remains  much  sear-tissue.  This  may  be  quite  sound  if  it  is  left  alone,  but  it 
is  thoroughly  bad  material  on  which  to  rely  for  plastic  surgery-.  The  behaviour 
of  cutaneous  scars  is  most  striking.  A  recent  skin  scar  appears  simply  to  melt 
away  when  it  is  part  of  a  new  operation  wound  or  when  it  lies  in  a  flap. 
Probably  the  same  thing  applies  to  deep  scar-tissue.  It  can  neither  nourish 
itself  nor  afford  nourishment  to  a  graft  when  its  connections  are  disturbed. 
Therefore  it  must  be  laid  down  as  a  primary  rule  for  bone-grafting,  that 
cutaneous  scar-tissue  must  be  replaced  by  healthy  skin  before  the  operation, 
and  deep  scars  must  be  excised  during  the  operation.  This  really  constitutes 
one  of  the  main  difficulties  of  the  problem,  and  it  must  be  fairly  met  and  not 
evaded.  By  cutaneous  scar-tissue  I  mean  any  considerable  loss  of  substance 
which  has  been  covered  over  by  a  mere  epithelial  cicatrix.     If  this  is  small  in 
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extent,  it  should  be  excised,  the  skin  freed  from  underlying  bone,  fatty  con- 
nective tissue  interposed,  and  the  skin  sewn  together  so  as  to  heal  by  first 
intention.  If  the  sear  is  larger,  a  ilap  must  be  made,  either  from  the  limb 
itself  or  from  some  other  j)art  of  the  body,  and  time  given  for  this  stage  in 
plastic  repair  to  be  complete  before  the  bone  is  touched. 

I  would  repeat  that  before  any  bone-graft  is  undertaken  for  the  results 
of  a  sej)tie  fracture,  three  things  are  necessary,  or  ])erhaps  I  shoidd  say  four. 
These  are : — 

3.  Sinuses  must  be  healed  soundly. 

2.  Cutaneous  epithelial  sears  must  be  replaced  by  thick  healthy  skin. 

3.  The  skin  must  not  be  adherent  to  the  bone  :  all  retracted,  adherent 
scars  must  be  obliterated  by  fat. 

4.  Sufficient  time  must  be  given  for  these  measures  to  produce  consolidated 
repair  ;    probably  four  to  six  months. 

The  observation  of  these  precautions  will  not  only  secure  smooth  healing 
of  the  bone-graft,  it  has  another  advantage.  Whilst  waiting  for  superficial 
plastic  repair,  the  bone  often  mends  itself  by  a  growth  from  the  divided  ends 
and  by  osteogenesis  from  fragments  left  in  the  gap. 

The  Source  of  the  Graft. — ^In  the  great  majority  of  cases,  defects  in  con- 
tinuity of  the  bones  should  be  filled  by  autogenous  grafts.  In  order  to  supply 
these,  there  are  three  readily  available  sources,  viz.,  the  crest  and  anterior 
portions  of  the  tibia,  the  upper  part  of  the  fibula,  and  the  ribs. 

The  Use  of  the  Tibia. — Of  late  years  the  crest  and  inner  surface  of  the  tibia 
has  quite  rightly  been  the  most  favoured  source  of  autogenous  grafts.  From 
it  may  be  fashioned  a  piece  of  bone  up  to  ten  inches  in  length,  and  having  a 
square  section  half  an  inch  wide  in  each  direction.  The  crest  of  the  tibia  is 
the  strongest  piece  of  dense  bone  of  suitable  length  in  the  body.  On  two  sur- 
faces periosteum  can  be  preserved,  and  endosteum  on  the  other  two.  Its 
tissue  is  firm,  and  allows  of  firm  holding  by  pegs,  wire  sutures,  or  bolts.  Against 
these  advantages  must  be  placed  two  drawbacks.  The  very  dense  bone  of  the 
tibial  crest  is  poorly  supplied  with  both  blood-vessels  and  osteoblasts,  and 
therefore  it  cannot  furnish  much  osteogenetic  activity.  Secondly,  the  removal 
of  the  strongest  part  of  the  tibia  has  often  led  to  fracture  of  the  remaining  part 
of  the  shaft.  Neither  of  these  disadvantages  is  of  determining  importance. 
The  graft  is  so  strong  and  can  be  fixed  so  secmely,  that  its  slow  growth  in  thick- 
ness is  not  of  any  moment.  The  liability  of  the  rest  of  the  bone  to  fracture 
has  only  to  be  recognized  to  be  guarded  against,  by  providing  a  light  plaster 
case  for  the  affected  leg  if  the  patient  is  to  walk  upon  it  within  six  weeks  of 
the  operation. 

When  great  strength  is  not  required  in  a  graft,  as  in  the  filling  up  of 
gaps  in  skulls,  it  is  better  to  avoid  the  crest  of  the  tibia,  and  to  take  a  fiat 
piece  from  the  inner  surface. 

The  Use  of  the  Fibula. — A  long  length  of  graft  can  be  obtained  from  the 
fibula  much  more  readily  than  from  the  tibia,  and  with  much  less  trainnatism. 
Such  a  graft  seems  to  be  capable  of  more  rapid  increase  in  thickness  than  is  the 
ca-se  with  a  bit  of  tibia.  Its  use  is  therefore  indicated  when  a  long  piece  of 
either  the  femur  or  humerus  has  been  removed,  as  for  example  in  resection  for 
an  endogenous  tumour.     It  is  also  very  useful  in  the  replacement  of  a  large 
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Qap  in  cither  radius  or  ulna — that  is  to  say,  when  the  defect  is  too  great  to  be 
filled  by  a  piece  taken  from  half  the  thickness  of  the  injured  bone  itself. 
Another  possible  indication  for  the  use  of  the  fibula  is  as  a  substitute  for  the 
head  of  the  femur.  In  this  case  the  head  of  the  fibula  would  be  used,  with  three 
inches  of  the  shaft  :  the  latter  would  be  driven  through  the  trochanteric  region 
of  the  femur  at  the  proper  angle. 

The  Use  of  the  Ribs. — The  rib  has  often  been  used  for  grafting.  The  tenth 
rib  can  readily  be  spared,  and  it  is  easily  removed  and  as  easily  cut.  Its 
natural  bend  has  suggested  its  use  for  the  substitution  of  curved  bones,  e.g., 
the  jaw.  But  it  is  very  doubtful  whether  it  is  really  suitable  for  grafting 
purposes  when  the  attainment  desired  is  that  of  a  strong  permanent  bone. 
In  the  first  j)lace,  in  many  instances  when  it  has  been  used  (e.g.,  Mc^Villiams), 
it  has  quickly  become  absorbed.  Secondly,  its  spongy  structure  makes  it 
difficult  to  fix  firmly  by  wire  or  pegs.  We  cannot  ignore  the  factor  of 
individuality  in  bones.  A  rib  is  not  designed  to  bear  a  heavy  strain,  and 
when  transplanted,  it  never  seems  to  grow  into  a  dense  hard  bone  like  one 
of  the  long  bones  of  the  limbs. 

The  Composition  of  the  Graft — Whatever  view  may  be  taken  of  the 
exact  function  of  the  periosteum  and  medulla,  there  can  be  no  doubt  that 
the  preservation  of  both  these  structures  is  a  matter  of  importance  in  taking 
a  living  graft.  Although  new  bone  is  probably  the  product  of  osteoblasts 
of  the  graft,  nevertheless  it  is  on  the  surfaces  of  the  dense  bone,  i.e.  from 
epiosteum  and  endosteum,  that  this  new  bone  is  laid  down.  The  periosteum 
and  marrow  protect  these  surfaces,  and  act  as  vascularizing  tissue  to  them. 

The  preservation  of  the  periosteum  on  a  graft  is  a  simple  matter.  But 
there  are  two  points  of  detail  which  are  important :  (I)  All  muscle  and  tendon 
insertion  should  be  dissected  off  the  graft,  as  these  greatly  delay  the  establish- 
ment of  new  vascular  supply  ;  (2)  The  periosteum  should  be  cut  longitudinally 
by  several  incisions  in  order  to  release  the  underlying  osteoblasts.  The  marrow 
is  of  less  importance  than  the  periosteum,  and  it  is  not  worth  while  to  sacri- 
fice the  strength  of  a  tubular  graft  by  splitting  this  down  the  middle.  But 
access  to  the  marrow  cavity  can  be  readily  secured  at  points  other  than  the 
two  ends  of  the  bone,  by  making  several  drill-holes  through  the  compact  tissue 
into  the  medullary  cavity. 

Homogenous  and  Dead  Bone-Grafts. — The  indication  for  the  employment 
of  other  than  autogenous  grafts  is  perfectly  well  defined.  It  is  when  the 
defect  to  be  made  good  includes  all  or  part  of  the  articular  end  of  the  long 
bones  where  such  articular  surface  depends  for  its  function  upon  its  exact 
shape  and  its  cartilaginous  covering.  The, best  examples  of  the  kind  are  the 
head  of  the  femur  and  the  lower  end  of  the  humerus.  For  such  defects  no 
autogenous  graft  can  supply  an  efficient  substitute,  and  there  have  been  a 
sufficient  number  of  successes  in  the  use  of  both  of  homogenous  and  dead 
grafts  to  justify  their  employment. 

The  homogenous  graft  can  seldom  be  obtained  from  an  amputated  limb, 
but  must  be  taken  from  a  corpse.  The  subject  from  which  it  is  removed  should 
have  been  free  from  any  infective  disease,  the  best  being  one  who  has  been 
killed  by  accident.  The  possibility  of  accidental  post-mortem  contamination 
should  be  guarded  against  by  taking  a  culture  from  the  graft,  and  not  using 
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the  latter  for  a  period  of  twenty-four  hours,  when  the  incubated  culture 
will  have  had  time  to  revxal  the  presence  of  pyogenic  organisms.  During 
this  ])eri()d  the  graft  should  be  kept  in  a  sterile  receptacle  in  the  ice  chest. 

In  the  pre])aration  of  a  dead  graft,  the  easiest  method  is  to  take  the  bones 
from  a  corpse,  and  to  subject  the  same  to  prolonged  boiling  after  maceration. 
The  other  alternative,  which  has  been  adopted  by  Konig  with  good  results, 
is  to  have  a  part  fashioned  out  of  ivory.  The  relative  advantages  of  a  sterile 
human  bone  and  of  an  ivory  prothesis  cannot  be  stated  positively  as  the  result 
of  experimental  evidence.  Ivory  in  large  bulk  (e.g.,  enough  to  make  the 
upper  end  of  a  femur)  is  expensive  and  difTicult  to  obtain.  On  the  other  hand, 
its  great  density  makes  it  less  readily  absorbed  than  would  be  the  case  with 
more  open  bone.  But  we  do  not  know  whether  this  density  may  not  have 
the  definite  disadvantage  of  hindering  the  ingrowth  of  living  tissue  necessary 
for  the  functional  incorporation  of  the  graft.  The  extraordinarily  rapid  and 
firm  attachment  of  dead  to  living  bone,  which  has  been  demonstrated  in 
the  above  experiments,  Avould  seem  to  me  to  indicate  that  if  living  bone 
cannot  be  obtained,  then  sterilized  human  bone  is  the  best  substance  for  the 
graft.  The  object  for  which  ivory  is  of  undoubted  value  is  for  the  fashioning 
of  pegs,  nails,  bolts,  or  screws. 

Previous  Preparation  of  tlie  Graft. — One  fact  about  the  behaviour  of 
living  grafts  is  very  prominent.  The  dense  bone,  which  is  essential  for  strength, 
acts  with  extreme  indolence,  and  no  active  osteogenesis  such  as  can  be  demon- 
trated  by  the  x  rays  occurs  from  it  for  many  months.  Whether  this  is  due 
to  the  death  of  the  osteoblasts,  or  to  its  want  of  vascularization,  is  uncertain  ; 
but  it  would  seem  to  be  a  reasonable  thing  to  subject  the  portion  of  bone 
destined  for  a  graft  to  previous  treatment,  in  order  to  increase  both  its  vas- 
cidarity  and  cellular  content,  and  to  render  easier  the  communication  between 
its  interior  and  the  tissues  of  its  future  bed. 

Lately,  I  have  been  carrying  this  out  as  follows  :  At  a  period  of  about 
four  weeks  before  the  injured  limb  will  be  ready  for  the  graft,  the  tibia  from 
which  the  graft  is  to  be  taken  is  exposed  by  a  Hap  incision.  The  periosteum 
is  cut  by  longitudinal  incisions  for  every  quarter  of  an  inch  of  its  exposed 
surface,  and  then  the  cuts  are  deepened  by  the  saw.  In  these  cuts  a  small 
drill  (^V-iii.)  i>>  used  to  bore  holes  right  into  the  marrow  cavity  at  distances  of 
about  three-quarters  of  an  inch.  In  this  way  the  area  of  the  future  graft,  six 
inches  long,  will  be  scored  by  five  or  six  incisions  and  {perforated  by  about 
thirty  holes.  At  the  end  of  four  to  six  weeks  this  area  of  bone  is  much 
thicker  than  before,  and  it  is  also  red  and  vascular  instead  of  being  very 
white  and  bloodless.  Enough  time  has  not  yet  elapsed  to  show  whether 
this  preparation  of  the  graft  leads  to  increased  rapidity  and  degree  of  osteo- 
genesis, but  the  facts  already  observed  encourage  the  hope  that  this  is  the 
case. 

Cutting  the  Graft. — It  will  be  sufficient  to  describe  the  taking  of  a  tibial 
graft.  The  area  from  which  the  graft  is  to  be  taken  should  be  exposed  by  a 
long  flap  incision.  The  length  of  the  graft  should  allow  of  a  generous  over- 
lapping of  its  ends  beyond  the  gap  to  be  filled,  to  provide  for  secure  fixation 
and  a  large  area  of  apposition  with  the  living  bone  at  both  ends.  At  least 
an  inch  of  overlapping  should  be  j)rovided  for  at  each  end.      The  area  of  the 
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ffraft  should  be  marked  out  by  a  scalpel-cut  through  the  periosteum,  but 
this  periosteal  incision  should  be  abotit  a  quarter  of  an  inch  wide  of  the  line 
of  the  saw-cuts.  This  allows  an  edge  of  periosteum  to  project  all  round  the 
graft  for  the  purpose  of  suturing  the  latter  to  the  tissues  of  the  bed.  If  the 
graft  is  required  merely  to  fill  a  defect  in  the  skull,  or  in  a  small  bone, 
and  not  to  bear  much  strain,  it  is  sufficient  to  take  a  strip  from  the  inner 
surface  of  the  tibia,  not  including  the  crest.  But  if  it  is  intended  to  supply 
a  long  gap  in  the  himierus,  femur,  or  tibia,  then  the  strong  tibial  crest  must 
be  included,  and  the  graft  will  have  a  square  or  a  triangular  section. 

The  actual  cutting  of  the  graft  should  be  made  by  a  circular  saw  actuated 
by  an  electric  motor.  The  motor  saw  outfit  now  in  most  general  use  is  that 
of  Albee.  It  consists  of  a  very  small  motor  (about  .^^  horse-power)  in  a  case 
held  in  the  hand,  with  the  saw  directly  attached  by  a  rigid  shaft.  The  dis- 
advantages of  this  are  that  the  weight  of  the  motor  has  to  be 
held  in  the  hand,  and  that  the  available  power  is  so  small  that 
it  is  difficult  to  deal  with 
a  thick  tibial  crest.  Pre- 
ferable to  it,  I  think,  is  a 
more  powerful  motor  on 
a  stand,  connected  with 
the  saw  by  a  fiexiblc 
cable.     The  motor    I  use 

is  of  tV  horse  power,  and  \^     •""'  ^<"'*    y  \^      Soft  parts 

an  arrangement  is  pro- 
vided by  which  either  a 
direct  drive  can  be  em- 
ployed at  high  speed 
(1500  revolutions  a  min- 
ute),   or     else     a    geared 

drive  can  be  used,  which   reduces  the  speed  to  300  revolutions  per   minute, 
with  a  corresponding  increase  in   power.     This   slow  speed   is  of  advantage 

not  only  in  being  more  manageable  and  more 
powerful,  but  in  producing  less  heat  in  cutting 
the  bone. 

The  ordinary  circular  saw  cuts  in  a  plane  at 
right  angles  to  the  shaft  which  propels  it,  and  this 
often  makes  it  difficult  to  deal  with  a  bone  sur- 
rounded by  soft  parts,  because  the  shaft  comes  in 
contact  with  the  latter.  This  difficulty  is  overcome 
by  using  a  saw  which  I  have  designed,  in  which 
the  blade  works  parallel  with  its  actuating  shaft 
{Fig.  180). 

The  use  of  a  twin  saw  makes  it  possible  to  cut 
a  graft  with  exactly  parallel  sides,  and  this  can 
then  be  fitted  into  a  slot  cut  by  the  same  saw 
{Fig.  181).  It  is,  however,  rather  doubtful  whether 
there  is  much  advantage  in  this,  and  there  are 
some  disadvantages.      The    saws    have    a    certain 


Flo.  180. — *.  Diagram  of  ordinary  circular  saw,  cutting 
at  right  angles  to  its  shaft.  B.  Author's  saw,  cutting  parallel 
to  its  shaft. 


Fig.  181. — Diagram  showing 
oose  fit  of  the  graft  in  its  bed 
when  both  graft  and  slot  are 
cut  by  the  same  twin  saw.  The 
space  between  the  dotted  lines 
indicates  the  thickness  of  the 
saw-cut.     a.  Slot,     b.  Graft. 
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d. 


Fig.  182.  --  Diagram  of 
transverse  section  of  tibia, 
showing  saw-cuts  used  for 
taking  a  strong  graft.  a. 
Crest.  b.  Outer  surface,  r. 
Inner  surface,  d.  Dotted  lines 
showing  direction  of  saw-cuts. 


thickness,   and  if  the  same  twin  saw  be  used  to  cut  both  the  graft  and  its 

bed,   then  the  graft   will  be  loose    by   just  the    thickness   of   the    saw-cuts. 

Most  commonly  the  tibial  graft  is  taken  for  its 
strength,  and  then  it  must  be  cut  by  two  distinct 
cuts  at  right  angles  to  one  another,  one  on  the 
inner  and  the  other  on  the  outer  surface  of  the 
bone  {Fig.  182). 

The  upper  and  lower  ends  of  the  graft  should 
be  marked  at  each  angle  by  a  drilled  hole,  and 
these  are  then  joined  by  a  .saw-cut  {Fig.  183).  The 
longitudinal  saw-cuts  need  not  be  so  deep  as  to  free 
the  graft  completely.  In  fact,  it  is  better  to  com- 
plete this  by  the  use  of  a  chisel.  The  latter  tool 
subjects  the  bone  to  less  traumatism  than  the  saw, 
and  it  does  not  choke  up  its  canals  with  bone  dust. 
For  cutting  a  graft  from  small  bones,  e.g.  the 
ulna  or  radius,  and  for  the  shaping  of  the  bone 
ends   when   these    can    be    lifted    clear   of   the    soft 

parts,  a  metal  fret-saw  is  much  more  convenient  than  a  motor  saw. 

The  Preparation  of  the  Bone  to  be  Repaired. — The  matter  of  bone- 
grafting  is    comparatively   easy   when    it    can    be   done 

with  tissues  which  are  normal,  and  into  a  bone  which 

is  not  displaced.     Such  conditions,  for  example,  as  are 

presented  when  the  upper  end  of  the  humerus  has  been 

removed  for  an  endosteal  sarcoma.     It  is  most  difficult, 

on  the  other  hand,  when  done  to  repair  defects  left  by 

injury  accompanied  by  sepsis. 

The    matters    of    latent   sepsis   and    untrustworthy 

scars    have  already  been  referred    to.     But  other  diffi- 
culties still   remain  to  be  overcome.     These  are  due  to 

the  presence  of  deep  dense  scar-tissue,  and  to  the  gross 

deformity  of  the  bone  which  has  resulted  from  loss  of 

substance  and  the  contraction  of  soft  parts.     Such  diffi- 
culties would  be  great  in  proportion  to  the  absence  of 

support   by   a    parallel    bone — e.g.,    in   the    femur,   the 

period  during  which  sepsis  has  been    present,  and   the 

absence  of  proper  orthopaedic  treatment. 

In  the  matter  of  one  of  the  forearm  bones,  when  its 

fellow   remains   sound,   there    is    very    little    distortion. 

Sometimes,  too,  the  fibula  remains  intact  and  serves  to 

splint    the    tibia.      In    these    circumstances    there  is  no 

necessity  for  special  correction  of  bone  deformity  before 

laying  the  graft.     If,  however,  there  is  much  deformity, 

and  if  it  is  intended  to  correct  this,  and  not  merely  to 

splice  a  crooked  bone,  then  this  correction  must  be  very 

carefully  undertaken  as  a  preliminary  to,  or  as  the  first 

stages  of,  the  operation.     Suppose,  for  example,  the  fenuir  has  been  broken 

and  four  inches  of  its  substance  lost,  the  ends  of  the  bone  are  close  together, 


Fic.  18:5.  —  Diagram 
sliowing  the  four  drill- 
holes and  four  saw-cuts 
used  in  cutting  a  strong 
tibial  graft. 
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buried  in  deep  fibrous  tissue,  and  there  may  be  both  lateral  and  axial 
displacement.  These  conditions  are  quite  common,  and  impose  so  many 
difficulties,  that  hitherto  the  possibility  of  bone-grafting  has  hardly  been 
considered,  and  the  unfortunate  patient  is  simply  left  with  his  deformed  leg 
four  inches  short  and  with  a  false  joint. 

There  are  many  less  extreme  cases,  where  the  bone  to  be  mended  is 
grossly  deformed,  and  in  which  the  correction  of  the  deformity  must  precede 
any  attempt  at  grafting.  The  necessity  for  this  correction  is  threefold  : 
First,  it  will  ensure  a  straight  limb  of  full  length  ;  secondly,  it  will  make  the 
act  of  grafting  much  simpler  ;  and  thirdly,  it  will  impose  much  less  strain 
and  tension  on  the  connection  between  the  graft  and  its  bed. 

Consider,  for  example,  the  case  of  a  broken  tibia  in  which  there  is  a  gap 
originally  of  four  inches,  reduced  perhaps  to  less  than  an  inch,  with  much 
angulation,  when  treatment  is  begim.  If  a  grafting  operation  is  undertaken 
forthwith,  there  will  be  a  most  tedious,  difficult,  and  laborious  manipulation 
before  the  bones  can  be  straightened  and  extended  to  a  proper  length.  In 
fact,  in  many  cases  these  difficulties  will  be  found  to  be  insuperable.  But 
if  proper  extension  be  applied  to  the  limb,  then,  after  an  interval  of  about 
seven  days,  the  scar  tissue  will  be  stretched  and  the  alinement  corrected. 
In  bad  cases  the  lower  end  of  the  bone  should  be  transfixed  by  a  steel  pin, 
or  grasped  by  a  screw  clamp,  and  then  pulled  upon  in  the  correct  line  by 
a  suitable  weight  of  ten  to  fifteen  pounds  for  the  period  named.  If 
further  correction  is  necessary  at  the  time  of  the  grafting  operation,  a 
second  transfixion  pin  can  then  be  placed  through  the  upper  fragment,  and 
by  means  of  a  screw  extension  apparatus  the  two  parts  of  the  bone  can  be 
forcibly  separated  and  held  in  position  during  the  grafting.  This  apparatus 
can  be  left  in  place  for  some  days.  After  the  operation  it  will  serve  to 
steady  the  mended  bone  and  to  relieve  the  bone  sutures  of  all  tension. 

In  other  cases  where  the  bone  is  not  so  large,  or  the  difficulty  of  the 
reduction  not  so  great,  one  or  other  of  the  simpler  extension  instruments 
may  be  used. 

The  necessity  for  corrective  extension  of  a  broken  bone  prior  tp  grafting 
is  not  merely  to  make  easier  the  grafting  operation.  It  is  to  overcome  the 
tension  which  would  otherwise  be  thrown  on  the  graft  and  its  fixing  sutures, 
which  tension  will  greatly  endanger  its  fixation. 

Methods  of  Fitting  the  Graft  to  its  Bed. — The  accurate  fitting  and 
fixing  of  the  graft  to  its  bed  is  a  very  important  part  of  the  operation.  The 
evidence  of  the  experimental  work  which  I  have  detailed  has  impressed  me 
very  strongly  with  this  point.  The  greater  accuracy  and  firmness  that  is 
used  in  fitting  the  graft,  the  smoother  will  be  the  healing  and  the  quicker  will 
be  functional  recovery.  Vital  imion  will  depend  upon  the  surface  contact 
between  the  two  parts  of  bone,  and  upon  fixation  being  both  firm  and  lasting. 
In  special  cases,  of  course,  special  fitting  methods  may  be  used,  but  for  the 
repairing  of  a  gap  in  the  length  of  a  tubular  bone,  the  methods  of  fixing  may 
be  described  under  six  different  heads. 

1.  The  Inlay  Graft. — In  this,  a  narrow  strip  of  bone  is  cut,  either  from 
one  of  the  fragments  of  the  damaged  bone  or  from  the  inner  surface  of  the 
tibia.    It  is  laid  into  a  corresponding  groove  cut  in  the  bed.     This  method  is 
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only  suitable  for  one  of  a  ])air  of  parallel  bones,  where  there  is  neither  much 
gap  nor  much  displacement.  It  is  mechanically  weak,  and  leaves  a  large  gap 
to  be  filled  by  new  bone. 

2.  The  Intromedidlary  Graft. — This  method  is  nmch  the  easiest,  as  the 
graft  will  only  require  to  be  roughly  shaped  as  a  peg  at  each  end  and  fitted 
into  the  marrow  cavity  of  each  fragment,  requiring  no  other  fixation.  The 
evidence,  however,  both  clinical  and  experimental,  shows  that  this  method 
does  not  always  succeed.  It  is  somewhat  weak  and  insecure,  and  osteogenesis 
is  very  slow.  I'nion  of  the  graft  with  its  bed  is  not  so  firm  or  so  rapid  as  in 
the  .cortical  methods,  and  there  is  a  real  danger  of  the  graft  becoming  broken. 


Fig.  184. — Half-cylinder  graft,  fixed  by  wire  sutures  :  bone -frraf ting  by  the  cutting  of 
iinec|ual  pieces  from  the  fragments  of  a  fracture,  and  then  reversing  them.  In  the  upper 
figure  the  fragments  A  and  B  are  bored  at  points  x  x,  and  cuts  made  so  as  to  take  a  piece 
a  from  A  more  than  twice  as  long  as  the  piece  6  from  B.  In  the  middle  figure  thesejpieces 
are  removed.  In  the  lower  figure  the  piece  a  has  been  placed  in  the  angle  of  B,  and  the  piece 
b  in  the  angle  of  A,  and  there  sutured  by  wire  sutures. 


3,  The  Half-Cylinder  Graft. — In  this  the  bed  is  cut  through  for  half  its 
thickness  and  a  piece  removed  about  an  inch  long.  The  graft  is  cut  of  about 
half  the  thickness  of  the  bone  to  be  mended,  and  its  two  ends  are  fitted  into 
the  steps  cut  in  the  fragments.  This  method  is  one  which  combines  easy 
performance  with  considerable  mechanical  efficiency.  It  was  the  method 
which  gave  tlie  best  results  in  the  above  experiments.  It  fills  up  the  gap 
by  a  piece  of  bone  half  the  thickness  of  the  shaft,  and  only  leaves  a  half- 
thickness  to  be  restored  by  new  bone.  It  permits  of  very  firm  fixation  by 
means  either  of  wire  sutures  or  of  bolts  {Figs.  184,  185). 


METHODS    OF    BONE    TKANSPLANTATIOX     239 

4.  The  Cylinder  Graft. — This  and  the  following  methods  are  only  possible 
when  the  graft  ean  be  cut  from  a  bone  of  the  same  thickness  as  that  to  be 
repaired.  Practically,  they  will  be  limited  in  autogenous  grafting  to  the  repair 
of  the  forearm  bones  by  a  piece  of  fibiila ;  but  they  ean  be  used  for  the  larger 
bones  if  a  homogenous  or  dead  graft  is  employed.  The  cyHnder  graft  is 
illustrated  in  Experiment  1.  A  section  of  the  bone  is  cut  as  the  graft,  just 
long  enough  to  fill  the  gap,  and  the  tension  of  the  bone  and  that  of  the 
surrounding  soft  parts  is  enough  to  keep  it  in  place.  It  is  only  suitable  for 
the  repairing  a  long  gap  in  one  of  the  forearm  bones  when  the  companion 
bone  is  quite  sound. 


Fio.  185. — Half -cylinder  eraft  fixed  by  bolt-^.  In  the  upper  figure  the  bone  ends  are 
shown  cut  for  the  reception  of  the  graft.  In  the  middle  figure  the  graft  is  seen  bolted  in 
place,  the  pieces?  of  bone  cut  from  the  original  fragments  being  divided  up  and  placed  in  the 
gap.     The  lower  figure  shows  the  junction  of  the  graft  and  the  bone  in  tran.sverse  section. 


5.  The  Mortised  Cylinder. — This  is  the  same  as  the  last,  except  that  the 
graft  is  cut  about  two  inches  longer  than  the  gap  it  is  to  fill,  and  each  end  is 
cut  away  in  half  its  thickness  for  an  inch.  A  corresponding  step  is  cut  in 
each  fragment,  and  the  graft  fitted  in  place. 

6.  The  Pegged  Cylinder. — This  is  similar  to  the  cylinder  graft,  but  there 
is  provided  in  its  axis  an  ivory  or  dead  bone  peg  which  fits  into  the  marrow 
cavities  of  the  two  fragments. 

The  advantage  of  the  cylinder  grafts  is  that  they  entirely  fill  the  gap,  and 
no  cavity  is  left  for  restitution  by  new  bone. 

The  Fixation  of  the  Graft. — Every  type  of  graft  used  to  fill  a  gap  in  a  long 
bone  must  be  securely  fixed.  Some  form  of  suture  will  be  necessary  in  all 
except  the  medullary  or  cylinder  grafts;     This  suture  ought  to  be  of  some 
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metallic  material,  or  of  ivory.     My  reasons  for  this  have  been  stated  in  the 
experimental  section. 

It  seems  to  me  quite  imreasonablc  to  deal  with  rigid  skeletal  structures 
by  materials  such  as  catgut  or  kangaroo  tendon,  that  is,  unless  the  graft  is  in 
such  a  place  that  there  will  be  no  tendency  to  its  displacement,  e.g.,  in  a  gap 
in  the  skull  ;  here  no  suture  at  all  will  be  necessary.  Either  use  no  suture 
to  fix  a  bone,  or  else  use  a  metal  or  ivory  fixation  material. 

The  Use  of  Wire. — The  best  material  is  soft  iron  wire,  which  I  now 
employ  without  any  plating.  It  is  much  cheaper  and  stronger  than  silver 
and  less  irritating  to  the  tissues  than  copper  or  bronze. 

The  best  way  to  use  it  is  to  place  it  as  a  mattress  suture  through  two 
holes  in  both  the  graft  and  its  bed.  This,  however,  is  often  impracticable 
when  dealing  with  small  bones,  and  then  one  or  two  turns  of  wire  round  the 
whole  shaft  will  act  very  well.     A  groove  may  be  made  by  a  file  or  saw,  and 


Fio.  186. — Author's  wire-tightening  forceps.  The  wire  is  passed  round  t)ie  bone,  it.s  ends 
are  crossed,  then  laid  in  slots  in  the  sides  of  the  forceps,  and  turned  round  the  V-shaped 
ends  of  the  handles.  When  these  are  closed  together  the  wire  is  tightened,  and  can  then  be 
twisted. 


in  this  the  suture  lies  snugly.  It  is  very  important  that  wire  sutures  should 
be  so  tied  that  no  slack  is  left  which  may  allow  play  between  the  bones. 
If  only  thin  wire  is  used  (No.  20  Standard  Wire  Gauge),  long  pieces  should 
be  employed,  passed  twice  round  the  bone,  and  by  means  of  the  long  ends, 
grasped  by  forceps,  pulled  quite  tight  before  being  twisted  and  cut  short. 
If  stout  wire  (No.  14  S.W.G.)  is  used  for  a  big  bone,  it  ought  to  be  drawn  tight 
before  twisting,  for  which  purpose  I  have  devised  a  special  instrument 
(Fig.  186). 

Metal  Pins. — Ordinary  cotter-pins  are  very  useful  for  small  bones.  These 
are  J  inch  in  thickness,  and  split,  so  that  when  they  have  been  passed 
through  the  bone  and  the  graft,  a  small  washer  is  slipped  over  the  end,  and 
the  halves  of  the  pin  arc  separated,  cut  short,  and  pressed  back.  This  device 
has  been  illustrated  in  the  above  experiments. 
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Metal  Bolts. — Bolts  which  excellently  serve  all  purposes  for  bone  grafting 
are  made  of  iron  ^  inch  thick  and  in  length  from  1^  to  4  inches  ;  the  head 
of  the  bolt  is  cut  for  a  screw-driver,  whilst  the  nut  may  be  either  hexagonal 
or  milled.  The  graft  is  held  to  the  bed  by  a  catch  forceps.  Both  are  drilled 
through  in  two  or  three  places,  the  direction  of  the  drill-holes  being  in  different 
radii  of  the  cylinder.  The  bolts  are  placed  before  removing  the  forceps.  The 
nuts  are  screwed  home  tightly  after  countersinking  the  holes,  and  the  pro- 
jecting part  of  the  bolt  is  cut  off  by  shears. 

Ivory  Pegs  or  Bolts. — Instead  of  using  metal  pins  or  bolts,  these  may  be 
made  of  ivory.  The  advantage  of  this  is  that  the  substance  actually  becomes 
incorporated  in  the  bone,  and  I  think  that  in  future,  as  we  become  accus- 
tomed to  the  use  of  this  material,  it  will  be  more  and  more  used.  I  have  now 
four  types  of  ivory  pegs.  First,  the  intramedullary  peg,  which  is  really  a 
dead  bojie  graft.  Secondly,  a  square  or  round  nail,  which  should  be  left 
rough  and  not  polished.  Thirdly,  screws  cut  from  ivory  after  the  pattern  of 
metal  screws  ;  to  use  these,  the  hole  made  in  the  bone  and  the  graft  must 
be  prepared  by  having  a  female  thread  cut  in  by  a  special  tap.  Fourthly, 
ivory  bolts ;  these  are  thicker  than  the  metal  bolts,  namely,  ^\  inch,  and  the 
nuts  are  also  wider. 

Treatment  of  Periosteum  and  Fragments. — In  all  manipulations  of  the 
injured  bone  the  periosteum  should  be  freely  raised  from  those  parts  of  the 
bone  which  have  to  be  exposed.  This  is  for  two  reasons  :  first,  because  the 
mere  raising  of  the  periosteum  stimulates  the  underlying  bone  to  osteo- 
genesis ;  and  secondly,  because  the  great  value  of  the  jx-riosteum  is  due  to  its 
blood-supply.  If  the  membrane  is  left  with  its  connections  to  the  soft  parts 
imdisturbed,  then  its  power  as  a  vascularizing  membrane  will  be  undiminished  ; 
whereas,  if  the  soft  parts  are  first  raised  from  the  jjcriosteum,  this  act  will  tem- 
porarily rob  the  bone  of  part  of  its  blood-supply. 

In  all  ways  of  fitting  a  graft  into  a  bone  defect,  except  that  of  intra- 
medullary pegging,  there  are  fragments  cut  from  the  bone  ends  in  shaping 
these  for  the  reception  of  the  graft.  These  should  not  be  discarded,  unless 
the  graft  completely  fills  the  gap.  They  shoidd  be  placed  in  the  gaj),  closely 
packed,  in  the  manner  shown  in  Fig.  185.  It  is  true  that  these  fragments 
will  not  play  any  verA'  active  part  in  osteogenesis  ;  but  they  will  in  time 
become  incorporated  with  the  rest  of  the  bone,  and  they  serve  to  make  the 
time  of  final  consolidation  shorter. 

Suture  of  the  Soft  Parts. — After  the  graft  is  fixed  in  place,  the  periosteimi 
of  bed  and  graft  should  be  sewn  together,  if  possible  by  catgut.  Then  the 
muscles,  and  finally  the  deep  fascia,  are  carefidly  sutured  over  the  bone.  The 
more  deeply  the  mended  bone  is  buried  in  soft  tissues,  the  less  danger  is  there 
of  secondary  infection  taking  place  from  the  skin  surfaces.  Also,  careful  deep 
suture  will  obliterate  any  dead  spaces,  and  prevent  the  formation  of  blood- 
collections,  which  hinder  the  bone  from  becoming  attached  to  the  soft  parts 
and  vascularized  by  them.  Drainage  by  strands  of  silkworm-gut  for  forty- 
eight  hours  is  a  nWsc  precaution  whenever  there  has  been  much  oozing. 

After-treatmenL — All  surgeons  are  agreed  that  it  is  necessary  that 
a  bone  which  has  been  grafted  should  be  immobilized  for  several  weeks  or 
months  after  the  operation.     If  the  graft  has  not  been  firmly  fixed  to  its  bed 
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by  metal  sutures,  then,  in  order  to  carry  out  this  immobilization,  it  will  be 
necessary  to  encase  the  limb  in  plaster  of  Paris,  ineludin«;  the  joints  above 
and  below.  In  fact,  some  surgeons  advise  that  the  whole  limb  should  always 
be  encased  in  plaster  from  the  girdle  to  the  digits.  But  there  are  great 
drawbacks  to  this  procedure.  The  wound  cannot  be  insi)ected,  or  a  drain 
removed,  without  cutting  off  the  jjlaster.  Whatever  functional  disability 
has  existed  before  the  operation  will  be  greatly  increased  by  the  rigid  case. 
Muscles  will  atrophy,  and  the  joints  become  very  stiff.  Further,  it  is  a 
matter  of  common  observation  that  absolute  immobilization  of  a  whole 
limb  leads  to  atrophy  of  the  bones  themselves,  and  this  at  the  very  time 
when  the  one  thing  needed  is  new  bone  growth.  I  have  shown,  too,  by 
experimental  evidence,  that  provided  the  graft  is  securely  fixed  to  its  bed, 
new  bone  growth  takes  place  better  when  no  immobilization  is  employed. 
I  would  therefore  urge  very  strongly  that  the  main  factor  in  immobiliza- 
tion should  be  the  actual  fixation  of  the  graft  to  its  bed.  If  necessary,  this 
may  be  supplemented  by  the  use  of  long  steel  plates,  such  as  those  shown 
in  Experiments  22  and  23,  these  being  bolted  to  the  whole  thickness  of  the 
bone,  and  not  merely  attached  by  superficial  screws.  But  however  it  is  done, 
the  fixation  of  the  graft  should  be  internal  and  not  external. 

A  light  supporting  splint  is  used  for  a  few  weeks,  and  when  the  wound 
isj^healed,  the  limb  is  taken  down  every  day,  and  subjected  to  light  massage 
with  movements  of  the  joints.  In  this  way  the  nutrition  of  the  muscles  and 
the  flexibility  of  tendons  and  joints  are  preserved,  whilst  the  formation  of 
new  bone  is  encouraged.* 
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A    CASE    OF    OSTEOANEURYSM. 

DIFFUSE    TRAUMATIC     ANEURYSM     IN     THE    SURGICAL     NECK 
OF    THE     HUMERUS. 

By    R,    LAWFORD    KXAGGS,  Leeds. 

OsTEO-AXEURYSM  is  aii  old  term  that  is  usodto  describe  pulsating  tumours 
of  bone.  It  may  be  presumed  that  the  word  was  originally  employed  because 
the  pulsation  in  such  cases  was  expansile  and  was  sometimes  associated  with 
a  bruit.  That  the  idea  of  aneurysm  in  some  form  or  other  was  believed  to  be 
a  possibility  is  shown  by  the  rej)ort  on  Bickcrsteth's  case  in  the  Pathological 
Societies  Transactions,  xix,  348.  A  careful  perusal  of  the  case,  however,  leaves 
the  impression  that  it  was  one  of  new  grovvth,  notwithstanding  the  following 
report  by  two  well-known  surgeons  of  a  past  generation  :  "  We  entirely  agree 
with  the  author  in  his  description  of  this  specimen,  and  look  upon  it  as  an 
admirable  example  of  aneurysm  commencing  in  the  lower  extremity  of  the 
tibia,  expanding  the  bone,  and  extending  backwards  into  the  muscles  and  soft 
parts  behind  the  tibia."  This  was  all.  Only  the  macroscopic  appearances 
were  described,  and  no  histological  examination  seems  to  have  been  made. 

At  the  present  time  pulsating  tumours  of  bone  are  very  generally  thought 
to  be  true  tumours,  and  undoubtedly  those  usually  met  with  are  growths  of 
varying  degrees  of  malignancy,  and  also  of  very  different  macroscopic  and 
microscopic  features.  Probably  there  is  no  real  belief  nowadays  in  an  aneurysm 
of  bone  which  has  the  same  pathology  as  spontaneous  or  traumatic  aneurysm 
elsewhere.  The  best  accounts  of  osteo-aneurysm  are  to  be  fotmd  in  the  older 
text-books  :  in  the  more  modern  works  on  surgery  there  is  a  tendency  for 
the  subject  to  be  treated  very  shortly  or  to  be  omitted  altogether.  But  in 
none  have  I  been  able  to  find  a  case  referred  to  in  which  the  description 
made  it  clear  that  a  blood  tumour  commimicating  with  the  interior  of  an 
artery,  and  having  a  definite  circimiscribed  sac,  was  the  cause  of  the  symptoms. 

I  hope,  however,  to  show  that  such  cases  may  occur,  and  as  they  are  most 
likely  to  be  traumatic  aneiirysms,  and  not  unlikely  to  result  from  gunshot 
injuries  to  the  bones,  the  recognition  of  that  fact  at  the  present  time  is  not 
Avithout  its  value. 

Pte.  E.  E.  W.  was  wounded  in  the  left  shoulder  on  Sept.  15,  1915.  He 
was  treated  in  a  general  hospital  in  France  for  thirteen  days,  was  then  sent 
home,  and  was  admitted  into  the  2nd  Northern  General  Hospital  on  Oct.  2. 

A  bullet  had  passed  through  the  surgical  neck  of  the  left  himierus.  The 
woiuid  of  entry  was  behind  the  shoulder  over  the  posterior  fibres  of  the  deltoid, 
and  the  bullet  had  passed  out  through  the  centre  of  the  upper  part  of  the 
biceps.     Both  wounds  were  healthy,  and  apparently  superficial,  when  he  was 
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admitted.  On  tlic  ni<>[ht  of  Oct.  21  the  man  had  a  bad  ni<)jht  owinw  to  a  great 
deal  of  pain  in  the  shonlder,  and  next  morning  pulsation  was  first  detected 
about  an  inch  above  the  exit  wound.  Careful  examination  showed  that  the 
upper  part  of  the  shaft  was  considerably  enlarged,  and  that  this  enlargement 
was  the  subject  of  expansile  pulsation,  which  was  at  once  perceptible  when 
the  bone  was  held  between  the  fingers  of  both  hands.  The  main  artery  coidd 
be  felt  to  be  quite  normal  as  it  coursed  over  the  internal  aspect  of  the  swelling. 
No  bruit  could  be  made  out,  and  there  was  no  thrill. 

A  skiagram  that  had  been  taken  on  Oct.  16  (Fig.  187)  siiowed  a  large 
irregular  aperture  in  the  surgical  neck,  withconmiinution  of  the  internal  surface, 
the  fragments  being  displaced  as  if  they  had  been  forced  outwards  by  the 


Fig.   187. — Skiagram    taken   on  Oct.    Kl. 


explosive  effect  of  the  bullet.  On  Oct.  31  an  enlarged  gland  was  noticed  in 
the  supraclavicular  fossa.  The  general  swelling  of  the  shoulder  that  had 
followed  the  wound  had  now  completely  subsided,  and  the  increasing  expansion 
of  the  bone  showed  as  a  definite  rounded  tumour  about  the  size  of  a  cricket 
ball,  altering  the  normal  contour  of  the  limb. 

Another  skiagram,  taken  on  Oct.  30  [Fig.  188),  confirmed  the  increased 
expansion  of  the  bone  and  the  further  enlargement  of  the  space  in  the  interior. 

The  case,  being  one  of  great  interest,  was  seen  by  most  of  my  colleagues, 
and  there  was  a  general  agreement  in  a  diagnosis  of  rapidly-growing  endosteal 
sarcoma.  When  the  serious  nature  of  the  condition  was  explained  to  the 
patient,  he  at  once  agreed  to  lose  his  arm. 
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On  Nov.  1  he  was  anaesthetized,  and  an  incision  was  made  through  the 
deltoid  into  the  tumour.  A  mass  of  black  clot  was  evacuated  ;  but  nothing 
was  seen  that  looked  like  tumour  tissue.  The  evacuation  of  the  clot  was 
followed  by  very  free  arterial  bleeding,  and  the  cavity  was  at  once  firmly  packed 
whilst  the  position  was  reconsidered.  It  was  felt  that  even  yet  there  was  no 
certainty  that  we  had  not  a  groAvth  to  deal  with,  for  it  is  well  known  that  in 
some  cases  only  careful  examination  of  the  cyst  wall  may  reveal  that  a  blood 
cyst  of  bone  is  really  due  to  sarcoma.  Moreover,  if  the  condition  were  not 
due  to  growth,  an  attempt  to  save  the  arm  would  be  attended  by  such  danger 
that  amputation  later — when  the  patient's  condition  might  have  been  seriously 
impaired    by    secondary'    haemorrhage   and   suppuration — would    probably    be 


Fig.  1»8. — Skiagram  taken  on   Oct. 


imperative.  So  it  was  decided  to  proceed,  and  the  interscapulothoracic  ampu- 
tation was  performed  by  Littlewood's  method,  i.e.,  from  behind.  The 
operation  was  well  borne ;  a  rapid  recovery  followed,  and  after  a  period 
a?t  a  convalescent  home  the  patient  was  signed  up  as  fit  for  the  adaptation  of 
an  artificial  limb  on  Feb.  21,  1917. 

The  tumour  was  examined  immediately  after  the  operation.  The  con- 
tents were  black  clot,  and  as  this  was  being  turned  out,  towards  the  end,  a 
piece  of  dark  red  membrane,  equal  in  extent  to  about  one  square  inch,  was 
seen  amongst  it.  This  membrane  was  evidently  a  portion  of  the  sac  of  a  trau- 
matic aneurysm.  To  anyone  who  had  seen  many  cases  of  traumatic  aneurysm 
— as    I    suppose    most    surgeons   to   the    large    military    hospitals    have — the 
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character  of  this  membrane  was  conchisive.  From  the  moment  of  its  appear- 
ance no  doubt  whatever  was  felt  as  to  the  rea'  nature  of  the  case.  Therefore 
at  a  later  date  a  more  careful  examination  of  the  interior  of  the  cyst  was  made, 
and  a  portion  of  the  anterior  wall  removed  in  order  to  expose  the  cavity  more 


r.n.VJRlCHT- 


Fio.  189. — Drawing  of  the  specimen. — ^The  position  of  the  remaining  portion  of  the 
original  aneurysmal  sac  is  indicated  at  the  extreme  upper  limit  of  the  bone  cyst.  Miss  Wright 
has  represented  it  at  a  lower  level  than  its  true  one,  for  it  was  concealed  behind  the  over- 
hanging edge  of  the  cyst  wall  and  could  only  be  seen  by  looking  upwards  through  the  opening. 
The  small  sketch  is  an  enlarged  representation  of  the  cup-shaped  cavity.  The  little  dark 
spot  in  the  right  lower  (juadrant  is  the  aperture  which  had  the  appearance  of  an  opening 
into  a  small  vessel.  The  central  discoloration  is  probably  due  to  traces  of  adherent  clot  over 
a  roughness  caused  by  underlying  inequalities  of  bone. 


thoroughly.  This  was  rewarded  by  the  discovery  of  a  portion  of  the  original 
aneurysmal  sac  in  the  highest  part  of  the  cavity  {Fig.  189).  It  was  situated 
beneath  the  anterior  wall  of  the  cyst  in  the  upper  part  of  the  surgical  neck.  It 
formed  a  hollow  in  the  cancellous  tissue  big  enough  to  receive,  as  in  a  cup,  a  very 
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small  Barcelona  nut.  Its  lining  membrane  was  smooth  and  shiny,  of  the  same 
dark-red  colour  as  the  piece  of  membrane  described  above,  and  it  was  adherent 
to  the  bone  to  which  it  was  closely  applied.  On  one  side  of  this  cup,  by  the 
help  of  a  magnifying  glass,  a  small  aperture  could  be  seen  which  was  suggestive 
of  an  opening  in  a  small  vessel.  The  smooth  glistening  character  of  this  mem- 
branous lining  was  in  sharp  contrast  with  the  rough,  irregular,  and  dark-coloured 
remains  of  old  clot,  which  covered  the  rest  of  the  interior  of  the  cavity  in  the 
bone,  and  through  which  the  bone  splinters  projected. 

It  only  remains  now  for  the  pathological  examination  to  be  recorded. 
Portions  from  the  wall  of  the  cyst  were  examined  by  Capt.  M.  J.  Stewart, 
the  clinical  pathologist  at  the  General  Infirmary  and  of  the  East  Leeds  War 
Hospital,  and  by  Dr.  O.  C.  Gnmer.  Both  agreed  that  there  was  no  evidence 
of  sarcoma  to  be  found,  and  I  now  give  the  report  which  Dr.  Gruner  has 
kindly  drawn  up.     The  gland  unfortunately  was  lost. 

Report  on  Wall  of  Bone  Cyst. — ^Two  portions  of  the  wall  were  taken  at 
different  places.  The  thinner  portion  is  composed  of  laminated  blood-clot  in 
which  there  is  some  admixture  with  fibroblasts.  The  thicker  portion  shows 
attenuated  bone  trabeculje  rather  widely  separated  from  one  another  by  a 
tissue  which  has  a  homogeneous  matrix  and  is  occupied  by  granulation  tissue. 
Lymphocytes  and  small  plasma  cells  occur  between  the  capillary  loops.  There 
is  no  evidence  of  sarcoma.  The  wall  of  the  cyst  appears  therefore  to  be 
constituted  by  organizing  ossifying  granulation  tissue. 

There  can  be  no  doubt  that  this  was  an  instance  of  a  traumatic  aneurysm 
occurring  in  the  interior  of  the  humerus,  and  that  it  probably  ruptured  and 
became  diffused  on  the  night  of  Oct.  21,  when  the  patient  suffered  for  the 
first  time  since  his  admission  with  severe  pain  in  the  shoulder. 

In  conclusion,  and  with  much  pleasure,  I  would  like  to  acknowledge  the 
assistance  received  in  this  and  many  other  anxious  cases  from  my  Commanding 
Officer  and  old  colleague,  Lieutenant-Colonel  Littlewood. 
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GUNSHOT    WOUNDS    OF    THE    KIDNEY    AND    URETER 
AS    SEEN    AT    THE    BASE.* 

By  Colonel  ANDREW  FULLERTON,  C.M.G.,  A.M.S., 
Consulting  Snrg<on,  British  Expeditionary  Force. 

In  this  article  the  term  gunshot  wounds  will  be  used  in  the  widest  sense  to 
include  all  injuries  produced  by  the  missiles  employed  in  modern  warfare. 
The  remarks  which  follow  are  based  on  the  examination  of  42  cases  seen  at 
the  base.  Many  of  these  have  been  imperfectly  studied,  but  this  is  unavoid- 
able under  the  conditions  obtaining,  even  so  far  back  from  the  firing  line. 
Under  stress  of  work  it  is  impossible  to  carry  out  elaborate  investigations, 
and  the  urgent  necessity  for  evacuation  of  patients,  to  make  room  for  others 
arriving  from  the  front,  has  prevented  the  final  results  in  many  cases  being 
ascertained.  Enough  material  has,  however,  been  available  to  indicate  the 
lines  on  which  further  investigation  may  be  carried  out.  A  short  summary 
of  cases  will  be  given  at  the  end,  so  that  reference  may  be  made  to  any  case 
mentioned  in  the  text. 

CLASSIFICATION. 

Wounds  of  the  Kidney. — These  may  be  classified  into:  (1)  Those 
involving  the  Hiluni;    and  (2)  Those  Involving  the  Parenchyma  of  the  Organ. 

1.  Wounds  Involving  the  Hilum. — These  may  be  divided  into  (a)  Those 
involving  the  blood-vessels  supplying  the  organ  ;  and  {b)  Those  involving 
the  pelvis. 

a.  Those  Involving  the  Vessels. — If  the  main  renal  artery  is  divided,  the 
patient  may  die  of  haemorrhage  before  he  reaches  the  clearing  station  or  the 
base.  If  one  of  its  branches  is  divided,  the  ha'morrhage  may  not  be  sufficient 
to  cause  death.  In  that  case  the  area  of  the  kidney  supplied  by  this  branch 
will  undergo  necrosis.  It  is  important  to  remember,  in  dealing  with  injuries 
to  the  blood-vessels  of  the  kidney,  that  the  arteries  are  terminal  or  end  arteries, 
though  the  veins  anastomose.  Division  or  blocking,  therefore,  of  an  artery 
going  to  the  organ  will  be  followed  by  death  of  the  area  of  distribution  of  that 
artery.  The  importance  of  this  fact  was  brought  to  my  mind  some  years 
ago.  I  had  occasion  to  explore  a  kidney  in  a  healthy  male  subject,  and  an 
aberrant  artery  to  the  upper  pole  had  to  be  divided  before  the  organ  could  be 
brought  into  view.  Some  weeks  later  I  had  again  to  operate  on  this  kidney, 
and  I  now  found  that  a  large  part  of  the  upper  jdoIc  was  of  a  dull  yellowish- 
white  colour,  and  this  area  was  sharply  marked  off  from  the  remaining 
healthy  portion.  In  the  same  way,  an  injury  in  the  parenchyma  to  a  branch 
of  the  renal  artery  will  be  followed  by  necrosis  of  the  part  supplied  by  it. 

♦  A  lecture  delivered  before  the  Boulogne  Medical  Society,  on  June  22,  1917. 
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b.  Those  Involving  the  Pelvis  of  the  Kidney. — Wounds  involving  the  pelvis 
of  the  kidney  alone  are  not  very  frequent,  as  other  complications  are  likely  to 
be  present.  These  wounds  allow  of  the  discharge  of  urine  into  the  perirenal 
tissues  and  through  the  wound  in  the  parietes.  If  the  peritoneal  cavity  has 
been  opened  by  the  missile,  urine  may  leak  into  it  and  produce  peritonitis. 

2.  Wounds  of  the  Parenchyma  of  the  Kidney. — ^These  may  be  so 
severe  and  extensive  as  to  reduce  the  organ  to  pulp,  and  all  grades  between 
this  condition  and  a  small  perforating  wound,  produced  by  a  bullet  or  a  small 
fragment  of  shell,  are  seen.  Most  of  the  more  extensive  wounds  are  dealt 
with  at  the  casualty  clearing  stations,  but  those  of  less  severity  are  fre- 
quently treated  at  the  base.     The  character  of  the  wound  will  depend  on  the 


X 


Fio.  190. — Recent  shell  wound  of  lower  pole  of  kidney.  The  patient  died  from  other 
wounds  a  few  hours  after  being  hit.  The  cavity  of  the  wound  is  filled  with  blood-clot 
and  disintegrated  kidney  substance.  Lacerated  masses  of  renal  tissue  fungat«  through  the 
torn  capsule.  Columns  of  blood  infiltrate  the  cracks,  fissures,  and  loose  areolar  spaces 
leading  towards  the  uninjured  parts  of  the  organ.     The  pelvis  is  filled  with  blood-clot. 


nature  and  size  of  the  missile,  and,  no  doubt,  on  the  range  of  fire.  Many 
of  the  wounds  of  the  parenchyma  doubtless  involve  the  infimdibula  and 
calices,  but  escape  of  urine  is  not  likely  to  take  place  unless  the  wound  is  large 
and  has  extended  into  the  pelvis  of  the  kidney  itself.  If  urine  escapes  from 
the  external  wound,  the  inference  is  that  the  pelvis  or  ureter  has  been  injured. 
The  effects  of  the  missile  on  the  structure  of  the  kidney  will  be  more  fully 
dealt  with  later. 

Wounds  of  the  Ureter. — Wounds  of  the  ureter  have  not  been  very  frequent 
at  the  base.  In  most  cases  one  would  expect  these  to  be  but  a  small  part 
of  more  severe  injuries  involving  intestine,  blood-vessels,  etc.  The  feature 
of  these  wounds  is  the  escape  of  urine  externally,  and  they  will  be  dealt  with 
under  the  heading  of  Urinary  Fistula. 
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EFFECTS    OF    THE    MISSILE    ON    THE    KIDNEY. 

The  effects  produced  by  a  missile  on  the  kidney  will  depend  on  (1)  the 
direct  damage  caused  by  the  missile  ;  (2)  the  damage  due  to  interference 
with  the  vascular  supply  ;  (3)  the  damage  resulting  from  pressure  of  haemor- 
rhage ;    and   (4)  the  results  of  sepsis. 

Macroscopic  Appearances. — If  a  fresh  woimd  of  the  kidnej'^  be  examined 
(Fig.  190),  the  following  appearances  will  be  found.     The  cavity  or  track  of 

the  wound  is  filled  with  blood- 
clot  and  disintegrated  kidney 
substance.  Lacerated  masses  of 
renal  tissue  finigate  through  the 
torn  capsule.  Columns  of  blood 
infiltrate  the  cracks,  fissures,  and 
loose  areolar  spaces  leading  to- 
wards the  uninjured  parts  of  the 
organ.  The  pelvis  contains  blood- 
clot.  Occasionally,  one  finds  small 
subcapsular  hamorrhages,  or  a 
few  points  of  ecchymosis  in  parts 
remote  from  the  injury. 

If  a  wound  of  the  kidney  is 
examined  some  days  after  the 
injury,  certain  vascular  effects  will 
have  become  manifest : — 

1.  The  missile  in  its  passage 
may  have  damaged  one  or  more 
of  the  arteries  lying  in  the  inter- 
vals between  the  pyramids.  In 
this  case  the  territory  supplied  by 
these  vessels  will  have  imdergone 
necrosis,  and  will  stand  out  from 
the  rest  of  the  kidney  as  yellowish- 
white  areas.  This  is  well  shown 
in  Figs.  191,  192. 

2.  Thrombosis  extending  from 
the  neighbourhood  of  the  wound 
may  have  interfered  with  the  vas- 
cular supply  of  the  contiguous 
portion    of  the    organ.     This    will 

be  apparent  as  a  ring  of  yellowish-white  colour  surroimding  the  margins  of 
the  wound,  contrasting  strongly  with  the  neighbouring  healthy  jjortion 
{Figs.  191,  193,  and  195). 

3.  The  pressure  of  the  extravasated  blood  may  have  produced  nutritional 
changes  in  the  adjoining  kidney-substance.  In  this  case  there  is  a  tendency 
to  recovery  as  the  blood-clot  becomes  absorbed. 

4.  Portions  of  the  fungating  kidney-substance  in  the  wound  itself  will 
have  become  necrotic  {Fig.  193).     If  sepsis  is  present,  inflammatory  changes 


Fig.  191. — Case  3(i.  Sliowinj.'  i«rfoiating 
wound  of  kidney,  surrounded  by  an  area  of 
necrosis,  and  an  area  of  necrosis  in  cortex. 
Twelve  days  after  injury,   a. »Perf orating  wound. 
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in  the  kidney  and  its  pelvis  will  be  added.  The  fungating  masses  Avill  be 
eovered  with  greyish  sloughs  {Fig.  193),  during  the  separation  of  which 
secondary  haemorrhage  may  take  place. 

Types  of  Injury. — The  types  of  injury  to  the  kidney  with  which  we 
are  familiar  as  the  result  of  our  present  experience  may  be  classified  as 
follows  : — 

1.  Injury  to  a  branch  of  the  renal  artery  rcithout  direct  involvernent  of 
the  kidmy  iiselj. — We  were  fortunate  in  obtaining  a  specimen  in  which  a 
large  branch  had  been  injured 

without  immediately  fatal  re- 
sults. In  this  case  {Case  31), 
a  large  branch  of  the  renal 
artery  going  to  the  lower  pole 
was  divided.  Tlje  patient  died 
from  a  concomitant  injury  to 
his  spine,  ten  days  after  the 
wound  was  inflicted.  The 
whole  of  the  area  supplied  by 
the  injured  branch  underwent 
necrosis.  A  beautiful  drawing 
of  the  kidney  was  made  by 
Sergeant  Maxwell  {Fig.  194). 
It  will  be  seen  that  the  greater 
part  of  the  lower  pole  has 
died.  Surroimding  the  ne- 
crotic area  is  a  narrow  red 
zone  indicating  the  line  of 
demarcation  between  the  dead 
and  living  tissue.  The  patient 
had  suffered  from  moderate 
hematuria. 

The  kidney  differs  from 
the  lung  and  liver  in  not  pos- 
sessing a  collateral  circulation. 
Hence,  the  rapid  absorption 
and  disappearance  of  infarcts, 
which  is  a  feature  in  injuries 
to  the  blood-vessels  of  the 
lung  and  liver,  is  not  likely  to 
occur  in  the  kidne3\  The 
final  result  in  the  above  case, 

presuming  that  the  patient  had  recovered  and  the  wound  had  remained 
aseptic,  would  probably  have  been  a  large  sear  replacing  the  necrosed  area. 

2.  Contusion  of  the  kidney,  produced  by  the  passage  of  a  missile  in  the 
vicinity  zcithout  actual  contact  with  the  organ. — In  Case  37,  a  large  fragment 
of  shell  entered  the  back  to  the  left  of  the  spine,  just  below  the  outer  end 
of  the  last  rib,  X  rays  showed  the  fragment  lying  in  the  spinal  canal 
between  the   2nd  and  3rd  lumbar  vertebra?.     Laminectomy  was  performed. 


Fig.  192. — Kidney  in  section  from  same  ca.se  as 
Fig.  191.  Note  the  perforating  wotind  fiUed  with  blood- 
clot  and  disintegrated  kidney  substance,  and  the  area 
of  necrotsis  due  to  invoh-ement  of  a  branch  of  the 
artery.  Twelve  days  after  injury.  a.  Perforating 
wound. 
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and  the  fragment  was  removed  from  the  site  indicated  in  the  skiagram. 
The  track  of  the  missile,  which  had  crossed  the  region  of  the  kidney, 
was  investigated,  but  there  w^as  no  evidence  of  direct  injury  to  that  organ. 
The  patient  had  suffered  from  ha:'maturia  from  the  day  of  his  injury. 
In  Case  7,  a  piece  of  shell  had  entered  in  the  right  posterior  axillary 
line,  and  had  passed  across  the  middle  line,  finally  lodging  in  the  left  half 
of  the  theca  between  the  11th  and  12th  dorsal  vertebra;.  Post  mortem, 
a  haematoma  was  found  at  the  upper  pole  of  the  right  kidney,  between 
the  capsule  and  the  kidney  substance,  and  there  was  ecchymosis  of  the 
upper  pole  below  the  haematoma.  The  piece  of  shell  did  not  strike  the 
kidney  itself.  Colonel  Wallace,  in  the  Lettsomian  Lectures  for  1917,  draws 
attention  to  a  case  in  which  many  cracks  were  produced  in  the  capsule  by 
shell  fragments  which  did  not  touch  the  organ  itself. 

3.  Perforating  xvounds  of  the  kidney. — These  are  produced  by  bullets 
or  fragments  of  metal.  Both  entrance  and  exit  wounds  may  be  small,  or 
the  exit  wound  may  be  pyramidal  in  shape  and  larger  than  the  entrance 
wound.     Figs.  191  and  192  illustrate  this  type  of  wound. 

4.  Tangential  wounds. — A  good  example  of  these  is  seen  in  Fig.  195,  taken 
from  Case  14.  A  furrow  has  been  ploughed  obliqticly  in  the  posterior  surface 
of  the  kidney  by  a  small  piece  of  shell  which  is  seen  resting  near  the  upper 
pole.  Surrounding  the  track  is  the  area  of  necrosis  to  which  attention  has 
already  been  drawn. 

5.  Wounds  destroying  one  or  other  pole  of  a  large  area  of  the  kidney.— 
In  Case  42,  as  may  be  seen  in  Fig.  193,  a  large  bite  has  been  taken  from  the 
middle  of  the  outer  border  of  the  organ.  There  was  a  large  suppurating 
haematoma  around  the  kidney.  The  patient  died  thirteen  days  after 
being  woimded,  and  the  vascular  effects  of  his  injury  are  apparent  in  the 
necrotic  area  surrounding  the  wound,  and  in  the  fungating  kidney-substance 
in  the  wound  itself. 

In  Case  41,  in  which  the  kidney  was  removed  for  secondary  haemor- 
rhage fourteen  days  after  injury,  the  following  apjDcarances  were  seen. 
There  was  a  large  mass  of  fungating  tissue  on  the  convexity  of  the  lower 
pole.  The  central  part  of  this  pole  was  occupied  by  irregular  lacerated  and 
necrotic  patches.  Surrounding  these  parts  Avas  a  peripheral  zone  of  deep 
purple  subcapsular  haemorrhage.  The  pelvis  of  the  kidney  contained 
blood-clot.  Round  the  stitch-holes,  made  at  a  previous  operation  at  a 
clearing  station,  were  small  irregular  patches  of  necrosis.  On  section, 
necrosis  seemed  to  be  limited  to  the  cortex.  In  some  places  haemorrhage 
extended  along  the  pyramids  towards  the  papillae,  but  the  structure 
of  the  pyramids,  though  they  were  deeply  engorged,  was  apparently 
intact.  The  remainder  of  the  kidney  was  pale,  but  otherwise  apparently 
normal. 

6.  Extensive  destruction  of  the  kidney. — Cases  with  extensive  destruction 
are  frequently  seen  at  the  clearing  stations,  where  the  damaged  organ  is 
usually  removed.  In  some  the  kidney  is  broken  into  many  fragments ;  or 
less  extensive  injuries,  such  as  large  fissures  or  irregular  star-shaped  wounds, 
may  be  present.  In  Case  26,  the  organ  was  foimd  completely  divided  into 
two  portions.     An  almost  similar  condition  was  found  in  Case  2. 
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Microscopical  Appearances.  —  In  the  foregoing  paragraphs  the  gross 
effects  of  tlie  missile  have  been  described.  It  remains  now  to  enquire  into  the 
effects  on  the  apparently  uninjured  and,  to  the  naked  eye,  normal  parts  of 
the  organ  remote  from  the  injury.  The  effects  of  injun,'  to  vessels  upon  the 
area  supplied  by  them  has  already  been  mentioned.  The  effects  of  the  missile 
on  the  kidney  may  be  ascertained  by  microscopical  examination,  and,  to 
some  extent,  by  clinical  in- 
vestigations on  the  function  of 
the  damaged  organ.  I  propose 
to  deal  briefly  with  the  micro- 
scopical appearances  of  sections 
taken  from  various  parts  of  in- 
jured kidneys,  and  to  mention 
a  case  in  which  both  microsco- 
pical examination  and  clinical 
investigation  of  the  kidney 
function  were  carried  out. 
Later,  I  shall  append  what 
clinical  evidence  I  have  been 
able  to  obtain  as  to  the  func- 
tion of  the  damaged  organ  as 
ascertained  by  cystoscopy. 

Sir  Anthony  Bowlby,i  in 
the  Bradshaw  Lecture  for  1915, 
expresses  the  opinion  that,  even 
in  apparently  trivial  wounds, 
the  damage  to  the  kidney  may 
be  more  extensive  than  the 
naked-eye  appearances  would 
lead  one  to  suspect.  In  sup- 
port of  this  he  quotes  a  case  in 
which  microscopical  examina- 
tion of  sections,  made  by  Cap- 
tains Stokes  and  MeXee  from 
parts  of  the  kidney  distant  from 
the  obvious  injury,  showed  ex- 
tensive disorganization. 

Captain  E.  F.  Bashford,^  referring  to  the  case  in  question,  cannot  agree 
with  the  interpretation  of  the  appearances  seen  in  the  figure  accompanying 
the  description,  and  details  the  microscopical  anatomy  of  two  other  cases  of 
recent  injury,  and  supplies  descriptive  figures.  From  a  study  of  the  sections 
in  these  cases,  he  comes  to  the  conclusion  that  the  injury  to  the  kidney  in 
both  was  of  a  strictly  local  character. 

Microscopical  examination  seems,  in  three  at  least  of  the  four  cases  about 
to  be  mentioned,  to  confirm  Captain  Bashford's  views  as  to  the  limited  nature 
of  the  injury  produced  by  certain  wounds  of  the  kidney.  In  the  fourth  case, 
it  IS  difficult  to  say  how  far  local  and  general  sepsis  was  responsible  for  the 
changes  present  in  the  sections  from  the  remoter  parts  of  the  organ. 


Fig.  193. — Case  42.  Large  lacerated  wound  of 
kidney.  Note  surrounding  ares  of  necro.sis,  and 
masses  of  fungating  kidney  substance  becoming 
necrotic.     Thirteen  days  after  injury. 
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In  Case  30  (see  Figs.  191  and  192),  a  piece  of  shell  had  passed  through  the 
lower  pole  of  the  kidney.  The  track  of  the  missile  was  dark-red  in  colour, 
and  was  surrounded  by  a  narrow  zone  of  yellowish-white  colour  in  the  fresh 
specimen.  In  addition,  there  was  a  pyramidal  zone  of  necrosis  of  the  extent 
shown  in  the  drawing.     Portions  of  the  kidney  were  sent  to  Dr.  J.  A.  Murray, 


Fig.  194. — Case  31.  Injury  to  a  large  branch  of  the  renal  artery,  followed  by  necrosis 
of  the  lower  pole  of  the  kidney.  A  portion  of  the  fleshy  infiltrated  perirenal  tissue  is  shown. 
Fifteen  days  after  injury,     a.   Branch  of  renal  artery  ;    6.  Branch  of  renal  vein. 

of  the  Imperial  Cancer  Research  Fund,  who  kindly  furnished  microscopical 
sections,  which  were  examined  by  him  and  by  Captain  Herbert  Henry.  Dr. 
Murray  reports  : — 

In  this  case  there  is  a  good  deal  of  haemorrhage  around  the  injury,  and 
widespread  fatty  degeneration  of  the  kidney  tubules.  The  interstitial  connective 
tissue  is  increased  throughout,  but  this  is  so  uniform  that  it  may  have  been  an 
antecedent  condition. 


Captain  Henry  confirms  this  opinion,  and  also  reports  that  the  kidney 
sections  at  a  distance  from  the  injury  show  a  normal  structure.     Cystoscopic 
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examination  had  previously  revealed  blood  but  no  pus  in  the  specimen 
taken  by  ureteral  eatheter  from  the  affected  side,  and  normal  urine  of  good 
specific  gravity  from  the  uninjured  side. 

In  Case  32,  the  kidney  showed  near  the  centre  a  small  perforating 
womid  produced  by  a  fragment  of  shell,  almost  exactly  similar  to  the  wound 
in  the  last  case.  Sections  were  made  by  Dr.  J.  A.  Murray,  who  re|K)rts 
as  follows  :— 

In  this  case  the  processes  of  repair  are  more  advanced  [than  in  Case  30],  There 
is  considerable  formation  of  granulation  tissue  under  the  organizing  blood-clot.  The 
epithelium  of  the  tubules  shows  very  little  fatty  change.  In  the  region  of  the  wound 
only  is  there  much  alteration,  and  some  of  those  tubules  contain  masses  of  fibrin 
filaments,  indicating  the  previous  existence  of  haemorrhage.  I  should  imagine  that 
the  second  case  is  of  longer  standing  than  the  first,  but  do  not  care  to  express  a  definite 
opinion  without  the  clinical  notes. 


"""  Fig.  195. — Case  14.  Tangential  wound  of  kidney.  The  piece  of  shell  is  seen  at 
the  upper  pole.  Patches  of  necrosis  bordering  on  track.  Some  infiltration  of  perirenal 
tis-sues.  Twenty -four  days  after  injury.  The  perirenal  tissue  has  been  reflected  from  the 
posterior  surface  of  the   kidney. 


!  This  opinion  is  correct.  In  the  previous  case  {Case  30)  the  kidney  was 
removed  twelve  days  after  injury,  while  in  Case  32  nephrectomy  was  per- 
formed one  month  after  injury.  The  microscopical  sections  of  the  latter  case 
were  also  examined  by  Captain  Henry,  who  agrees  with  the  interpretation 
of  Dr.  Murray. 

In  Case  24,  I   have  received  microscopical  sections  from  Major  McEwen 
which  he  has  kindly  prepared  for  me  from   the  kidney,  removed  by  him  for 
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secondary  haemorrhage  on  the  seventh  day  after  the  injury.  The  injury  to 
the  kidney  was  more  severe  than  those  we  have  been  considering,  but  the 
case  may  with  advantage  be  mentioned  here.  A  large  ragged  woinid,  produced 
by  a  shell  fragment,  was  found  extending  from  the  cortex  into  the  pelvis  of 
the  kidney.  Portions  were  taken  for  microscopical  examination  (a)  from  the 
wounded  area  and  parts  of  the  organ  immediately  adjacent ;  (6)  from  an 
area  of  necrosis  in  the  cortex  ;  and  (c)  from  a  part  of  the  kidney  distant  from 
the  woimd.  Captain  Henry  kindly  examined  the  sections,  and  reported  as 
follows  : — ■ 

a.  Purulent  infiltration  in  parts,  with  large  giant  phagocytic  cells  containing 
destroyed  blood-pigment  ;  skeleton  only  of  kidney  tissue  left  in  one  set  of  slides,  the 
capillaries  and  intertubular  spaces  being  filled  with  active  polymorph  cells  ;  attempts 
at  regeneration  in  certain  tubules,  and  marked  fibroplastic  reactive  changes. 
Summary:  The  area  of  damaged  kidney  tissue  shows:  (1)  Destruction  of  paren- 
chyma in  various  stages,  with  purulent  infiltration  ;  and  (2)  Reactive  changes, 
consisting  chiefly  of  fibroplastic  healing,  and,  to  a  much  slighter  extent,  attempted 
regeneration. 

b.  Infarcted  kidney,  avascular  and  with  no  reactive  changes,  badly  staining. 

c.  Apparently  normal  kidney. 

In  Case  14,  already  referred  to,  in  which  the  missile  had  grooved  the 
posterior  surface  of  the  kidney,  microscopical  sections  were  made  by  Captain 
Hop  wood  from  various  parts  of  the  injured  kidney  and  also  from  the  un- 
injured one.     Captain  Hopwood's  report  is  as  follows : — 

In  the  track  of  the  missile. — There  is  hypersemia,  haemorrhage,  necrosis  of  kidney 
cells  in  varying  stages,  and  round-celled  infiltration. 

/«  the  yellowish-white  patches  bordering  on  the  wound. — There  is  hyperaemia, 
haemorrhage,  and  total  necrosis,  including  tubules  and  glomeruli.  Even  in  the 
glomeruli,  all  nuclei  have  disappeared.  In  the  other  parts,  round-celled  infiltration 
and  definite  easts,  as  the  result  of  haemorrhage,  are  seen. 

In  the  area  of  the  kidney  distant  from  the  track. — Parenchymatous  degeneration 
and  necrotic  parts  are  found  in  the  tubules  rather  than  in  the  glomeruli.  Tubular 
epithelium  degenerated.     Crystals  of  haematin. 

In  the  uninjured  kidney. — Some  haemorrhage  into  and  around  tubules.  None  in 
glomeruli.     Some  degeneration  of  renal  cells. 

The  clinical  evidence,  as  ascertained  by  cystoscopy,  is  as  follows : 
On  the  uninjured  side  the  urine  had  a  specific  gravity  of  1020,  and  con- 
tained albumin,  but  no  pus  and  no  casts.  Oh  the  affected  side  the  urine 
had  a  specific  gravity  of  1005,  and  contained  blood,  much  albumin, 
cellular  detritus,   and  pus  cells  in  quantity. 

It  is  probable  that  the  degenerative  changes  common  to  both  kidneys 
in  this  case  were  the  result  of  sepsis  and  fever,  and  such  as  might  be  occasioned 
by  any  septic  wound  unconnected  with  the  kidney.  It  is  also  probable  that 
some  of  the  changes  in  the  affected  kidney  were  not  unconnected  with  local 
sepsis  in  that  organ.  Cystoscopy  was  carried  out  sixteen  days  after  receipt 
of  the  injury,  and  about  a  week  before  the  patient's  unexpected  death  from 
intraperitoneal  haemorrhage. 


/ 
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CYSTOSCOPY. 

In  this  section  is  sho\^Ti  what  attempts  have  been  made  by  ureteral 
catheterization  and  colour  tests  to  estimate  the  effect  produced  on  the  kidney 
function  by  such  wounds  as  we  have  been  considering. 

It  will  be  seen  from  the  table  that  all  the  cases  have  been  examined  at 
least  some  days  after  injury.  The  immediate  effect  on  the  function  of  the 
kidney  is  not  dealt  with  here.  I  have  not  been  able  to  see  the  cases  sufficiently 
early  to  be  able  to  say  whether  secretion  is  temporarily  abolished,  as  has  been 
suggested  by  surgeons  working  at  the  clearing  hospitals. 

Cystoscopy  may  be  resorted  to  in  cases  of  injury  to  the  kidney  and  ureter 
with  the  following  objects  in  view  :  (1)  To  determine  the  effect  of  a  wound 
on  the  function  of  the  injured  kidney.  (2)  To  determine  the  presence  and 
condition  of  the  kidney  of  the  opposite  side.  (3)  To  determine  whether  the 
injury  is  confined  to  one  kidney,  and  if  so,  which ;  cases  have  occurred  in 
which  both  kidneys  have  been  wounded  by  a  missile  passing  transversely. 
(4)  To  determine  the  extent  of  the  injury*  in  woimds  of  the  ureter.  (5)  To 
determine  by  the  aid  of  the  ureteral  catheter,  combined  with  radiography, 
the  position  of  retained  missiles  relative  to  the  kidney  of  ureter. 

Cystoscopy  was  carried  out  in  14  cases  of  this  series.  The  cases  investi- 
gated as  regards  the  function  of  the  damaged  organ  may  be  divided  into  the 
foUovving  classes  (see  Table,  p.  260) : — 

1.  Those  in  ivhich  rapid  recovery  took  place. — In  Case  8.  the  bullet  was 
proved  by  operation  to  have  passed  through  the  kidney  near  the  hilum.  The 
urine,  which  contained  blood  on  the  patient's  admission  to  hospital,  was 
normal  eight  days  after  injury.  The  specific  gravity  of  the  urine  from  each 
kidney  was  1015,  and  each  specimen  was  free  from  blood,  pus,  and  albumin. 

In  Case  12,  a  bullet  had  apparently  passed  through  the  kidney.  Three 
weeks  later  the  affected  kidney  was  functioning  as  well  as  its  fellow  of  the 
opposite  side.  Indigo-carmine  appeared  in  equal  quantities,  and  at  the  same 
moment,  on  both  sides.  There  was  a  trace  of  albumin  in  both  specimens, 
but  as  many  of  these  patients  nui  a  moderate  temperature,  probably  from 
sepsis,  too  much  importance  need  not  be  attached  to  this. 

2.  Those  in  which  disturbance  of  function  ivas  indicated  by  a  diminished 
specific  gravity  on  the  affected  side. — For  many  years  I  have  attached  much 
importance  to  the  estimation  of  the  relative  specific  gravities  of  the  urine 
from  each  side  in  kidney  cases.^  I  have  found  that  in  the  unilateral  affections 
of  the  kidney  common  in  surgical  practice,  a  diminution  of  the  specific  gravity 
in  the  urine  from  the  affected  kidney  is  of  very  usual  occurrence.  In  tubercle 
of  the  kidney,^  for  instance,  in  both  early  and  late  cases,  this  sign  is  hardly 
ever  absent ;  it  does  not  necessarily  mean  a  seriously  diseased  organ,  as 
it  occurs  so  early  that  very  little  damage  has  as  yet  been  done  to  the  kidney. 
It  also  occurs  in  some,  but  not  all,  cases  of  renal  calculus.  Even  a  small  stone 
may  produce  it.  Some  years  ago^  I  removed  an  oxalate  stone  weighing  eight 
grains  from  the  pelvis  of  the  kidney  of  a  young  lady.  The  specific  gravity 
of  the  urine  on  the  affected  side  was  1005,  as  against  1015  on  the  opposite 
side.  I  have  had  many  such  cases  since.  In  that  just  mentioned,  and  in 
similar  cases  on  which  I  have  since  operated,  there  was  no  evidence  whatever 
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of  any  but  the  most  trivial  and  temporary  damage  to  the  kidney.  In  tumours 
of  the  kidney''  this  sign  is  also  often  present,  even  when  the  growth  is  com- 
paratively small  and  much  healthy  kidney  substance  is  present.  In  pyelo- 
nephritis, pyonephrosis,  and  hydronephrosis,  the  specific  gravity  of  the  urine 
on  the  affected  side  is  likely  to  be  low,  but  here  extensive  disease  is  present. 
In  some  cases  the  diminished  specific  gravity  is  due  to  reflex  unilateral 
diuresis  from  irritation.  This  is  particularly  the  case  with  small  irritating 
calculi.  There  is  often  in  these  cases  obvious  increase  in  the  rate  of  flow 
from  the  ureter  of  the  affected  side.  In  other  cases  the  diminished  specific 
gravity  appears  to  be  due  to  inability  of  the  kidney  to  separate  the  solid 
constituents  of  the  urine  from  the  blood  in  normal  quantity. 

In  cases  of  injury  to  the  kidney  I  have  not  been  struck  with  any 
decided  increase  in  the  vigour  or  rate  of  the  ureteral  jets  ;  in  some,  indeed, 
the  flow  has  been  less  in  quantity  and  the  jets  have  been  more  sluggish  than 
normal.  A  diminished  specific  gravity  on  the  side  of  the  injury  was  present 
in  the  following  cases  of  the  present  series.  In  Case  4.  it  was  1016  on  the 
affected  side,  as  against  1022  on  the  sound  side  ;  in  Case  11,  it  was  1005  as 
against  lOlO;  in  Case  13,  1015  as  against  1025  ;  in  Case  14,  1005  as  against 
1020;  in  Case  19,  1015  as  against  1020;  and  in  Case  39,  1005  as  against 
1010.  These  cases  are  obviously  too  few  in  number  from  which  to  draw 
definite  conclusions,  but  they  are  sufficiently  striking  to  suggest  a  line  of 
investigation  in  connection  with  the  subject  under  discussion. 

3.  Those  in  xvhich  disturbance  of  function  xvas  indicated  by  some  altera- 
tion in  the  permeability  af  the  kidney  to  dyes,  such  as  indigo-carmine. — 
Disturbance  of  function,  as  ascertained  by  colour  tests,  was  sometimes  found 
in  cases  in  which  the  specific-gravity  tests  had  given  negative  results.  In 
these  observations  I  have  used  indigo-carmine,  in  2-grain  doses,  mixed  with 
2  drachms  of  sterile  water.  The  mixture  is  injected  deeply  into  the  flank  or 
buttock  at  the  same  time  as  catheters  are  introduced  into  the  ureteral  orifices. 
The  time  of  appearance  of  the  first  trace  of  colour  in  the  jets  from  the  catheters 
is  noted.  Unfortunately  it  was  not  possible  to  continue  the  examination 
for  long  in  many  cases,  owing  to  pressure  of  work  in  the  theatre,  but  the 
results,  incomplete  as  they  are,  are  given  for  what  they  are  worth. 

In  Case  11,  besides  a  reduced  specific  gravity  on  the  affected  side,  the 
blue  colour  of  the  indigo-carmine  was  less  deep  on  that  side.  The  colour  was 
apparent  on  both  sides  fifteen  minutes  after  injection,  but  throughout  the 
observation  it  was  of  a  lighter  hvie  on  the  affected  side. 

In  Case  13,  both  the  specific  gravity  and  the  depth  of  colour  were 
diminished  on  the  affected  side.  The  colour  was  apparent  in  both  specimens 
twelve  minutes  after  injection. 

In  Case  34,  the  specific  gravicy  was  1015  on  both  sides,  but  the  colour 
took  twenty-five  minutes  to  appear  on  the  affected  side,  as  against  twenty 
minutes  on  the  sound  side.  This  patient  had  passed  through  a  severe  illness, 
with  fever  and  jaundice. 

In  Case  35 — probably  only  a  slight  contusion  of  the  kidney — the  specific 
gravity  was  equal  on  both  sides,  and  the  colour  appeared  in  both  specimens 
in  ten  minutes.     The  colour  was  a  little  deeper,  however,  on  the  affected  side. 

In  Case  39 — a  shrapnel  ball  injury. — the  colour  was  deeper  on  the  affected 
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side.  It  came  through  on  both  sides  in  eighteen  minutes,  with  the  patient 
imder  ether.  In  this  case  a  deeper  colour  was  associated  with  a  diminished 
specific  gravity  on  the  injured  side. 

The  significance  of  these  findings  may  perhaps  be  better  appreciated 
after  a  reference  to  a  recent  paper  by  TremoHeres  and  Caussade  on  "  Nephritis 
Aigues  de  Guerre,"®  in  which  the  authors  give  the  results  of  their  observations 
on  the  use  of  indigo-carmine  as  a  test  of  renal  permeability.  They  state  that 
this  dye  appears  in  the  urine  twenty  minutes  after  injection  ;  after  half  an 
hour  the  colour  is  intense  and  at  its  maximum  ;  from  this  time  on  the  colour 
decreases  regularly,  imtil  in  six  or  seven  hours  the  urine  is  again  normal  in 
colour.  Exaggeration,  diminution,  or  irregularity  of  elimination  indicates 
pathological  renal  permeability.  The  authors  divide  acute  war  nephritis  into 
two  main  groups  :— 

Group  A  :  Cases  with  insidious  onset,  which  on  arrival  at  a  hospital  in 
the  interior  reserved  for  nephritis  cases,  showed  albuminuria  only,  with  no 
other  clinical  signs  of  nephritis.  These  cases  had  normal  kidney  function, 
including  a  normal  elimination  of  indigo-carmine. 

Group  B :  Cases  with  acute  onset,  which  on  arrival  at  the  hospital  showed, 
besides  albuminuria,  other  signs  of  kidney  trouble,  such  as  ha'maturia,  oedema, 
etc.  These  cases  were  subdivided  into  two  types.  The  first  included  cases 
showing  increased  permeability  to  indigo-carmine,  with  retention  of  chlorides. 
The  second  type  included  cases  of  a  more  severe  character,  showing  not 
only  retention  of  chlorides,  but  also  of  urea ;  in  these  there  was  decreased 
permeability  to  indigo-carmine. 

The  cases  I  have  so  far  examined  have  been,  as  I  have  stated,  too  few 
to  draw  conclusions  from.  In  the  light  of  the  work  of  the  authors  just  quoted, 
it  may  be  that  in  those  in  Avhich  the  permeability  was  greater  on  the  injured 
side,  the  kidney  had  suffered  less  severe  damage  than  in  those  in  which  the 
permeability  was  diminished.  My  own  experience  with  indigo-carmine  in 
civil  and  military  surgerv'  has  been  that  the  dye  comes  through  in  rather 
shorter  time  than  that  stated  by  these  authors.  I  frequently  find  it  in 
the  urine  in  from  ten  to  fifteen  minutes  after  injection  under  ordinary 
circumstances  in  a  normal  subject.  General  anaesthesia  seems  to  delay  its 
appearance. 

4.  Those  in  which  abnormal  constituents — such  as  blood,  pus,  albutnin, 
and  micro-organisms — have  been  found  in  the  urine  from  the  affected  side. — 
Albumin  may  be  present  on  both  sides  in  a  patient  suffering  from  sepsis,  and 
is  therefore  only  important  from  our  present  point  of  view  when  there  is  a 
greater  amount  on  the  affected  side.  A  few  blood  cells  are  present  so  com- 
monly as  the  result  of  even  the  most  careful  ureteral  catheterization,  that  unless 
the  number  is  large,  no  importance  can  be  attached  to  them.  If  cystitis  is 
present,  a  few  pus  cells  may  gain  access  to  the  catheter  during  its  passage 
through  the  bladder,  and  this  must  be  taken  into  consideration  in  judging  of 
the  condition  of  the  kidney.  Finally,  contamination  with  micro-organisms 
is  very  likely  to  occur  during  the  most  careful  cystoscopy.  I  always  use 
ureteral  catheters  that  will  stand  boiling ;  but  the  cystoscope  is  hard  to 
sterilize. 

Comparison   of  the   findings   on    both    sides,    however,  will    give  results 
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of  value.  In  Case  4,  there  were  a  few  pus  cells,  numerous  red  cells,  some 
epithelial  cells,  B.  protevs,  and  Gram-positive  cocci  on  the  affected  side. 
In  Case  13,  pus,  streptococci,  and  cells  from  the  renal  pelvis  were  found  on 
the  affected  side.  In  Case  14,  blood,  pus,  streptococci,  and  cellular  detritus 
were  found  on  the  injured  side.  In  Case  17,  blood,  but  no  pus,  was  found 
on  the  affected  side.  In  Case  30,  blood,  but  no  pus,  was  obtained  from  the 
injured  side.  In  Case  39,  pus  cells  and  streptococci  in  considerable  numbers 
were  found  on  the  affected  side. 


THE    VALUE   OF    X-RAY   EXAMINATION    IN    KIDNEY    INJURIES. 

In  all  our  cases  of  kidney  injury  arriving  at  the  base  with  retained  foreign 
bodies,  we  have  had  stereoscopic  radiograms  taken.  These  have  been  of  the 
greatest  service  in  accurately  locating  the  foreign  bodies,  and  in  enabling  us  to 
form  an  idea  as  to  their  course  and  the  structures  likely  to  have  been  injured 
during  their  passage.  Mackenzie  Davidson's  method  of  localization  has  been 
used,  and  has  proved  accurate  and  reliable.  Most  of  the  cases  here  referred 
to  have  been  o'-rayed  by  Captain  Gamlen ;  but  Major  Hicham  Cooper,  Major 
Curtis  Webb,  and  other  radiographers  have  also  given  me  valuable  assistance  ; 
I  am  much  indebted  to  these  officers  for  their  kind  co-operation.  In  addition 
to  the  ordinary  methods  of  localization,  I  have  in  several  cases  used  the  opaque 
ureteral  catheter,  passed  into  the  pelvis  of  the  kidney,  combined  with  stereo- 
scopic radiography,  when  the  missile  was  thought  to  be  in  the  vicinity  of  the 
kidney  or  ureter.  In  this  way  it  has  been  jjossible  to  estimate  with  great 
exactitude  the  position  of  the  foreign  body  relative  to  the  kidney  or  ureter. 
I  have,  in  a  previous  communication,"  described  this  method,  and  given  details 
of  cases  so  examined.  The  following  in  the  present  series  were  investigated 
hi  this  way. 

In  Case  8,  already  published,"  a  bullet  was  seen  to  be  lying  in  the  vicinity 
of  the  kidney.  An  opaque  ureteral  catheter  was  passed  into  the  uppermost 
calyx.  Stereoscopic  radiograms  were  now  taken.  The  base  of  the  bullet  was 
localized  as  lying  in  the  line  of  the  ureteric  catheter  and  1-8  cm.  behind  it. 
The  apex  pointed  downwards  and  outwards,  and  was  almost  2  cm.  further 
away  from  the  j)lane  of  the  catheter.  The  bullet  lay  5-7  cm.  below  the  point 
of  the  catheter.  With  these  measurements,  we  arrived  at  the  conclusion  that 
the  foreign  body  was  just  outside  the  kidney,  near  the  lower  pole.  Operation 
proved  the  correctness  of  this  assumption. 

In  Case  19,  two  pieces  of  shell  were  seen  lying  anterior  to  the  plane  of 
the  upper  part  of  the  ureteral  catheter.  The  upper  fragment  was  localized 
as  lying  3-8  cm.  anterior  to  the  plane  of  the  catheter,  and  therefore  well  in 
front  of  the  kidney,  probably  in  the  liver.  The  lower  fragment  was  localized 
as  lying  2-2  cm,  anterior  to  the  plane  of  the  catheter,  and  therefore  probably 
just  in  front  of  the  kidney.  The  patient  was  transferred  to  England  without 
any  attempt  being  made  to  remove  the  foreign  bodies.  He  remains,  a  year 
after  his  injury,  free  from  urinar\'  symptoms.  It  is  interesting  to  note  that 
in  the  report  made  on  his  case  in  England,  where  he  was  again  a;-rayed,  the 
fragments  are  assumed  to  be  in  the  kidney. 

In  Case  14,  the  foreign  body,   a  fragment  of  shell  (see  Fig.   195),  was 
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Jocalizcd  as  lying  in  the  same  plane  as  the  iireteral  catheter,  on  a  level  with 
its  point,  bnt  nearer  to  the  middle  line  of  the  body,  probably  at  the  inner 
margin  of  the  upper  pole  of  the  kidney.  Post  mortem,  it  was  found  exactly 
in  this  position. 

In  Case  35,  two  fragments  of  metal  were  localized  as  lying  4  cm.  and  1*9 
cm.,  respectively,  posterior  to  the  plane  of  the  ureteral  catheter.  They  had 
entered  from  behind,  and  had  caused  slight  contusion  of  the  kidney,  probably 
without  actually  touching  it.     The  foreign  bodies  were  not  removed. 

AVhcn  we  come  to  discuss  urinary  fistula,  we  shall  see  that  use  may  be 
made  of  radiography  to  demonstrate  the  patency  or  otherwise  of  an  injured 
ureter.  Cose  27  was  investigated  in  this  way,  and  will  be  described  in  due 
course. 

RECONSTRUCTION    OF   THE    TRACK    OF    THE    MISSILE. 

In  most  of  the  cases  mentioned  in  this  communication,  an  attempt  has 
been  made  by  sectional  anatomy  to  reconstruct  the  track  of  the  missile.  It 
has  been  assumed  that  the  foreign  body  generally  takes  a  straight  course. 
This  assumption  cannot  be  defended  in  all  cases,  as  a  missile  striking  a  hard 
surface  may  be  deflected.  In  these  cases,  a  line  drawn  from  the  entrance 
woimd  to  the  point  of  deflection — a  fractured  bone,  for  instance — and  from 
the  point  of  deflection  to  the  position  of  the  foreign  body  or  the  exit  wound, 
will  indicate,  as  a  rule,  the  course  taken.  Here  x  rays  will  afford  valuable 
help. 

When  the  foreign  body  has  been  localized  by  x  rays,  certain  fallacies 
must  be  avoided.  For  instance,  when  a  missile  has  entered  a  hollow  viscus 
and  passed  on,  it  would  be  obv'iously  absurd  to  imagine  a  straight  course 
from  the  entrance  woimd  to  the  position  of  the  foreign  body  as  localized  by 
X  rays.  Similarly,  where  the  missile  has  fallen  into  the  peritoneal  cavity, 
as  in  Case  18,  a  line  drawn  from  the  entrance  wound  to  the  position  of 
the  foreign  body  might  be  far  removed  from  the  track  of  the  missile.  It  has 
also  been  objected  that  the  line  of  the  track  varies  according  to  the  position 
of  the  wounded  man  at  the  time  of  receipt  of  the  injury,  and  this  must  be 
admitted. 

On  the  other  hand,  in  connection  with  the  area  of  the  trunk  now  under 
consideration,  the  surgeon  will  gain  valuable  and  interesting  information, 
which  will  help  him  in  dealing  with  the  case,  if  he  reconstructs  the  track  on 
the  assumption  that  a  more  or  less  straight  course  has  been  taken.  Captain 
P.  T.  Crymble,«  who  first  suggested  the  use  of  cross-sections  for  this  purpose, 
has  demonstrated  that  in  many  of  his  cases  reconstruction  of  the  track  by 
him  gave  results  not  far  removed  from  the  true  state  of  affairs  as  ascertained 
post  mortem  or  by  operation,  and  my  own  experience  bears  this  out, 

In  transverse  wounds  in  the  lumbar  region,  one  can,  as  in  Case  6,  determine 
with  some  prospect  of  accuracy  which  kidney  is  likely  to  have  been  wounded. 
The  missile  in  this  ease,  if  it  had  taken  a  straight  course  between  the  entrance 
and  exit  wounds,  would  have  missed  the  left  kidney  and  have  injured  the  right- 
In  a  case  of  severe  hamaturia  without  external  hamorrhage,  the  probability 
of  the  offending  kidney  being  thus  indicated  would  be  of  great  service,  failing 
cystoscopy,  should   operative   measures   be   necessary.      Notwithstanding  all 
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that  has  been  urged  against  the  method,  those  who  have  used  it  are  satisfied 
that  in  no  other  way  can  such  useful  information  be  obtained.  The  objections 
that  all  bodies  are  not  alike,  and  that  certain  patients  may  be  abnormal,  do 
not,  in  my  opinion,  weigh  against  the  obvious  advantages. 

For  my  own  purposes  I  use  a  cross-section  atlas  of  anatomy.  A  key  figure 
shows  the  body  divided  into  sections  of  a  certain  thickness.  Each  of  these 
slabs  is  numbered,  and  at  the  corresponding  number  in  the  atlas  the  organs 


'  Fig.  196.— Diagram 
representing  the  frame 
described  in  the  text. 
Each  shelf  corresponds 
to  ft  plate  in  a  cross- 
section  atlas  of  ana- 
tomy, and  the  aperture 
fits  the  outline  of  the 
section  at  that  level. 

Two  tracks  of  mis- 
siles are  shown.  The 
point  where  the  line  of 
the  track  passes  through 
the  space  in  each  shelf 
is  determined  by  pass- 
ing a  thread  or  wire 
across  the  space,  and 
marking  the  spot  where 
it  is  intersected  by  the 
line  representing  the 
track,  as  shown  in  Fig. 
197,  where  the  point  of 
intersection  lies  in  the 
kidney. 


and  structures  are  figured  as  they  are  found  at  that  level.  For  use  with  this 
atlas  I  have  had  a  frame  with  shelves  made  {Fig.  196).  The  frame  supports 
the  shelves,  which  are  so  arranged  that  each  shelf  corresponds  to  the  upper 
surface  of  a  section  of  the  body  at  that  level.  Instead  of  each  shelf  having 
printed  on  its  surface  a  drawing  of  the  structures  seen  at  this  level,  it  has  a 
large  opening  which  just  fits  the  drawing  in  the  atlas.  The  circular  opening, 
therefore,  of  this  shelf  corresponds  to  the  contour  of  the  body  at  that  level. 
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When  the  shelves  are  placed  in  position  in  the  frame,  and  one  looks  from  above 
down,  a  hollow  space  like  a  mould  of  the  body  is  seen,  and  a  thread  may  be 
arranged  so  as  to  stretch  from  the  point  of  entrance  to  the  point  of  exit  or 
to  the  location  of  a  foreign  body,  anywhere  in  the  hollow  space.  The  foreign 
body  may  be  slung  in  the  proper  position  by  threads  or  wires.  The  point  at 
which  the  thread  representing  the  track  passes  through  the  circular  aperture  in 
each  shelf  can  easily  be  shown  by  cross-threads,  with  an  ink  mark  at  the  points 
where  they  are  intersected  by  the  thread  representing  the  track.  If  this  is 
done  in  each  segment,  and  the  shelves  are  placed  in  turn  so  as  to  fit  the  plates 


Fig.  197. — Diagram  showing  one  of  the  shelves  removed  from  the  frame  seen  in  Fig. 
19G,  and  fitted  on  to  a  cross-section  in  the  lumbar  region. 

The  line  on  which  is  marked  the  point  where  the  track  passes  through  the  space  need 
not  be  oblique  as  represented  in  the  drawing,  but  may  be  made  in  any  direction  so  long  as  it 
touches  the  line  of  the  tra<;k. 


in  the  atlas,  the  organs  or  structures  penetrated  will  be  seen  at  a  glance 
{Fig.  197).  This  has  proved  to  be  a  very  convenient  method  of  reconstructing 
the  track. 

Looking  over  the  notes  of  the  cases  appended,  it  will  be  seen  that 
the  most  usual  route  of  approach  of  a  missile  to  the  kidney  is  posterior 
or  postero-lateral,  just  below  the  ribs  ;  the  route  through  the  chest  wall 
comes  next  in  order  of  frequency  ;  transverse  wounds  come  third  ;  while,  at 
any  rate  in  the  cases  seen  at  the  base,  the  route  from  before  back  through 
the  abdominal  cavity  is  the  least  frequent. 
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ASSOCIATED     INJURIES. 

In  the  cases  seen  at  the  base,  the  most  frequent  associated  injury  has 
been  a  wound  of  the  pleural  cavity.  In  17  out  of  42  cases  (40  per  cent),  the 
missile  reached  the  kidney  by  way  of  this  cavity.  In  7  cases  hscmothorax 
was  definitely  diagnosed  ;  in  3  an  empyema  formed  ;  in  1  haemoptysis  was 
present ;  and  in  the  remaining  cases  the  missile  was  presumed  to  have  passed 
through  the  pleural  cavity  from  a  study  of  the  anatomy  of  the  track. 

The  liver  is  very  frequently  injured  in  woimds  involving  the  right  kidney. 
In  14  cases  (33  per  cent)  the  missile  had  probably  passed  through  or  injured 
the  liver,  and  2  of  these  developed  an  abscess  aroimd  a  retained  foreign 
body.  In  most  cases  the  track  through  the  liver  gave  rise  to  no  urgent 
symptoms  during  the  patient's  sojourn  in  France. 

The  .spleen  has  fairly  frequently  been  found  damaged  in  injuries  of  the 
left  kidney  treated  at  the  clearing  stations.  In  only  1  case  of  the  present 
series  was  this  complication  found. 

The  spine  is  injured  in  a  fair  proportion  of  cases.  In  6  out  of  our  series 
of  42  (14  per  cent)  there  was  definite  evidence  of  associated  spinal  injury, 
and  in  3  additional  cases  injury  of  the  bones,  but  not  of  the  cord,  was 
suspected. 

The  hollow  viscera  were  injured  in  5  cases,  as  ascertained  by  operation  : 
the  colon  in  3  ;   the  small  intestine  in  1  ;   and  the  duodenum  in  1. 

The  pancreas  was  foimd  injured  in  1  case. 

The  diaphragm  is  perforated  in  those  cases  in  which  the  missile  passes 
through  the  pleural  cavity  on  its  way  to  the  kidney.  In  most  of  the  cases 
seen  at  the  base  no  treatment  of  this  structure  has  been  required. 

The  peritoneal  cavity  may  be  entered  by  the  missile  without  obvious 
damage  to  hollow  viscera,  as  in  Case  18,  in  which  the  bullet  was  found  free, 
and  in  Case  23,  in  which  there  was  an  aperture  through  which  the  missile 
had  disappeared  after  crossing  the  line  of  the  ureter. 

SIGNS    AND    SYMPTOMS. 

The  signs  and  symptoms  of  injured  kidney  are  as  follows  : — 
Hcetnaturia,  which  may  be  microscopic,  moderate,  or  profuse.  It  is  well 
in  a  doubtful  case  to  ascertain  that  the  blood  is  not  coming  from  the  bladder, 
as  is  so  frequent  in  associated  injuries  to  the  spine  with  hscmorrhagic  cystitis. 
I  have  seen  splashes  of  haemorrhage  scattered  over  the  bladder  wall  in  a  case 
in  which  a  piece  of  shell  had  injured  one  of  the  lumbar  vertebra?  without 
involving  the  cord  ;  vmtil  cystoscopy  had  revealed  haemorrhage  into  the 
mucous  membrane  of  the  bladder,  the  case  was  thought  to  be  one  of  injury 
to  the  kidney  or  ureter.  It  is  well  also  to  bear  in  mind  the  possibility  of 
ha-morrhagic  cystitis  unassociated  with  spinal  injury,  as  I  have  seen  several 
examples  in  unwounded  men  coming  down  from  the  front.  Other  causes 
of  hematuria  independent  of  injury  will,  of  course,  suggest  themselves  to 
the  surgeon. 

Urinary  fistula  will  be  dealt  with  later.  In  some  cases  a  watery  discharge 
from  the  wound  has  been  mistaken  for  urine.     A  little  care  is  sufficient  to 


266        THE    BRITISH    JOURNAL    OF    SURGERT 

prevent  such  an  error.     It  is  well  to  test  sneh  fluid  with  litmus  paper,  and  to 
examine  for  the  eharaetcristic  urinous  odour  from  the  dressings. 

In  addition  to  these  speeial  signs  indicating  renal  or  ureteric  injury,  the 
following  are  often  present  : — 

Shock  is  frequently  met  with,  and  may  be  due  to  accompanying  injury 
to  the  abdominal  viscera,  thorax,  or  spine. 

Anwmia  after  profuse  loss  of  blood  is  often  very  marked  in  a  patient 
when  he  reaches  the  clearing  station  or  the  base. 

Vomiting  was  reported  in  about  25  per  cent  of  the  cases.  It  may 
have  been  more  frequent.  It  occurs  in  uncomplicated  cases,  but  is  much  more 
likely  to  be  present  when  the  abdominal  viscera  have  also  been  injured. 

Tenderness  and  rigidity  of  the  abdominal  xcall  are  present  in  most  but 
not  all  of  the  cases.  These  symptoms  may  be  due  to  injury  of  the  peritoneum, 
injury  to  the  abdominal  viscera,  injury  to  the  pleura  and  diaphragm,  blood 
in  the  peritoneal  cavity,  or  retroperitoneal  haematomata.  In  some  of  the 
reports  sent  down  with  the  patients  from  the  clearing  stations,  the  definite 
statement  has  been  made  that  on  arrival  there,  tenderness  and  rigidity  have 
been  absent. 

Abdominal  distention  is  frequently  met  with,  as  might  be  expected.  In 
those  cases  associated  with  spinal  injiiry  it  is  very  likely  to  be  present. 

Dullness  in  the  fianks  has  occasionally  been  seen. 

A  tumour  in  the  flank,  due  to  perirenal  extravasation  of  blood,  is  some- 
times palpable.  This  may  be  a  sign  of  importance  in  certain  transverse 
wounds  in  which  it  is  not  easy  to  locate  the  kidney  affected. 

Fever  may  be  present,  and  is  due  to  the  fact  that  many  of  the  woimds 
are  septic. 

DIAGNOSIS. 

The  diagnosis  of  a  wound  of  the  kidney  or  ureter  will  be  made  by 
attention  to  the  signs  and  symptoms  just  enumerated  In  Cases  22  and 
30,  injury  to  the  kidney  was  quite  unsuspected  until  the  occurrence  of 
secondary  ha-morrhage — in  Case  22  into  the  retroperitoneal  tissues,  and  in 
Case  30  into  the  bladder.  For  this  reason  it  is  well,  in  all  wounds  of  the 
loin,  to  examine  the  urine  with  the  microscope  for  the  presence  of  blood.  In 
some  cases  the  diagnosis  of  injury  to  the  kidney  has  been  made  during  an 
operation  in  the  loin  region,  or  in  the  course  of  laparotomy  for  injury  to  the 
abdominal  organs.  In  these  cases  the  actual  damage  to  the  kidney  has  been 
seen  or  felt.  Attention  may  be  drawn  to  the  fact  that  an  apparently  trivial 
wound  in  the  loin  may  have  involved  the  kidney.  I  have  seen  a  piece  of  shell 
in  the  kidney  of  a  patient  who  died  from  other  causes,  and  in  whom  the  kidney 
was  never  suspected  during  life. 

COMPLICATIONS. 

The  three  great  complications  of  injuries  to  the  kidney  and  ureter  are 
sepsis,  secondary  hemorrhage,  and  urinary  fistula,  referred  to  in  detail 
below.     The  following  are  also  sometimes  present : — 

Retention  of  Urine. — This  was  present  in  8  cases,  in  6  of  which  it  was  due 
to  associated  spinal  injury. 
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Cystitis. — This  is  a  frequent  complication.  It  is  due  to  the  presence  in 
the  bladder  of  infected  blood  which  has  come  frcm  the  wound  in  the  kidney. 
In  cases  associated  with  spinal  injurj'  it  is  almost  certain  to  occuf. 

Faecal  Fistula. — This  complication  was  present  in  2  cases.  In  Case  15, 
the  fistula  soon  closed,  and  the  patient,  who  subsequently  had  nephrectomy 
performed  for  secondary  haemorrhage,  made  a  good  recovery.  In  Case  41 
also,  nephrectomy  was  performed  for  secondary  hfcmorrhage ;  this  patient 
died  a  few  days  later  from  sepsis.  The  presence  of  a  faecal  fistula  would 
appear  to  predispose  to  secondary  haemorrhage. 

Sepsis. — This  complication  is  present  in  most  war  wounds.  It  is  likely 
to  occur  in  kidney  wounds  for  the  following  reasons  : — 

1.  A  large  amount  of  blood  is  thrown  out  into  the  loose  perirenal  connec- 
tive tissue.  Both  blood-clot  and  loose  connective  tissue  are  notoriously 
favourable  to  the  development  of  infection,  once  micro-organisms  are  intro- 
duced. 

2.  Owing  to  the  absence  of  collateral  circulation  in  the  kidney,  a  certain 
amount  of  gland  tissue  in  the  immediate  vicinity  of  the  wound  dies.  This 
dead  tissue  forms  a  suitable  medium  for  the  growth  of  micro-organisms. 

3.  If  the  adjoining  colon  is  bruised  or  damaged,  the  entrance  of  intestinal 
micro-organisms,  or  ffcces,  transforms  the  wound  at  once  into  a  septic  one. 

Secondary  HaBmorrhage. — ^Bleeding  from  a  wound  of  the  hilum  or  of 
the  kidney  itself  may  take  place  (a)  into  the  peritoneal  ca\'ity ;  (6)  into 
the  perirenal  retroperitoneal  tissues  ;  (c)  through  the  wound  in  the  parietes  ; 
and  {d)  into  the  bladder  by  way  of  the  ureter. 

a.  Bleeding  into  the  peritoneal  cavity  may  occur  in  the  early  stages,  but 
is  not  commonly  met  with  at  the  period  when  the  patient  reaches  the  base. 

b.  When  blood  infiltrates  the  retroperitoneal  connective  tissue,  it  often 
gives  rise  to  a  huge  mass  which,  on  exploration,  looks  like  a  bullock's  heart. 
This  mass  moves  with  the  kidney  during  respiration,  and  sometimes 
becomes  rounded  off,  so  that  an  operator  meeting  with  it  for  the  first  time 
might  mistake  it  for  a  greatly  enlarged  kidney.  To  reach  the  kidney  it  is 
necessary  to  peel  off  this  overlying  infiltrated  fleshy  mass. 

c.  Ha-morrhage  is  sometimes  revealed  by  bleeding  through  the  external 
wound,  though  the  urine  appears  to  the  naked  eye  to  be  clear.  This  may 
be  due,  as  Sir  George  Makins  suggests.^  to  a  fragment  of  kidney  substance 
obstructing  the  ureter,  or,  more  commonly,  to  blocking  of  the  ureter  \\'ith 
blood-clot. 

d.  In  most  of  the  cases  of  injury'  to  the  kidney  that  I  have  seen,  blood 
in  greater  or  less  quantity  has  been  present  in  the  urine.  In  wounds 
confined  to  the  pelvis  of  the  kidney  or  the  ureter,  however,  this  sign  may  be 
absent,  or  at  any  rate  may  pass  unnoticed  by  the  patient  or  his  medical 
attendant.  In  Case  30,  the  first  indication  of  any  injur\'  to  the  kidney  was 
severe  ha?maturia  twelve  days  after  receipt  of  the  injur>'.  In  Case  22,  there 
was  no  history  of  haematuria,  but  no  microscopical  search  was  made  for  it  ;  a 
fatal  haemorrhage  took  place  into  the  retroperitoneal  tissues.  Many  of  the 
patients  gave   a  history  of  having  noticed  blood   in  the  urine   shortly  after 
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being  hit.  In  others,  a  note  accompanied  the  patient  sayinj]f  that  the 
specimen  removed  by  catheter  at  the  clearing  station  contained  blood.  In 
the  cases  in  which  the  urine  was  microscopically  examined  at  the  base,  blood 
was  present  in  almost  every  one.  In  addition  to  blood,  pus  and  micro- 
organisms were  frequently  present,  even  when  no  catheter  had  been  passed. 
As  has  been  pointed  out,  it  is  well  to  exclude  cystitis  as  a  possible  cause 
of  ha^maturia.  In  Case  31,  though  a  vessel  at  the  hilum  was  alone  injured, 
blood  was  present  for  nine  days  after  injury.  This  had  completely  dis- 
appeared on  the  eleventh  day,  Mhen  a  final  microscopical  examination  of  the 
urine  was  made. 

If  the  blood  is  poured  out  into  the  ureter  in  large  quantity,  clotting  is 
likely  to  take  place  when  the  blood  reaches  the  bladder.  This  will  there  give 
rise  to  difficult  micturition,  and  to  hypogastric  or  penile  pain.  In  addition, 
cystitis  is  very  likely  to  follow.  The  passage  of  clots  or  of  fragments  of  kidney 
down  the  ureter  may  give  rise  to  severe  renal  colic.  The  amount  of  blood 
in  the  urine  varies  from  a  microscopical  quantity  to  a  deluge  sufficient  to 
blanch  the  patient.  The  duration  of  the  ha^maturia  in  patients  who  eventu- 
ally recover  without  surgical  interference  varies  from  a  few  days  to  a  month 
or  more.  During  its  continuance,  there  is  much  variation  in  the  amount  of 
blood  passed  from  day  to  day.  The  urine  which  is  deeply  tinged  one  day 
may  be  comparatively  clear  the  next.  This  variation  may  be  due  to 
temporary  obstruction  of  the  ureter.  If  clot  is  present  in  the  bladder, 
ureter,  or  pelvis  of  the  kidney,  the  urine  may  be  stained  though  no  active 
bleeding  is  in  progress. 

In  cases  in  which  the  bleeding  persists  after  the  tenth  or  twelfth  day, 
some  anxiety  will  be  felt  as  to  the  possibility  of  a  large  secondary  harnor- 
rhage.  In  some  cases  we  have  been  obliged  to  evacuate  our  patients  to 
England  with  blood  still  present  in  the  urine,  and  we  have  not  been  able  in 
all  to  ascertain  whether  complete  recovery  has  taken  place  or  not.  In  one, 
nephrectomy  for  haemorrhage  was  performed  after  the  patient  had  been  for 
some  time  in  a  home  base  hospital. 

Secondary  ha-morrhage  of  a  severe  type  took  place  in  9  cases  out  of  a 
total  of  42  reaching  the  base.  Leaving  out  of  the  total  2  cases  in  which  the 
ureter  alone  was  involved,  this  gives  a  secondary-haemorrhage  percentage  of 
22  in  the  cases  in  which  the  surgeons  at  the  clearing  stations  felt  justified 
in  adopting  conservative  measures.  In  some  of  these  the  injury  appeared  to 
be  of  quite  a  trivial  nature,  as  in  Case  25,  in  which  a  simple  perforating  wound 
by  a  bullet  was  followed  by  repeated  attacks  of  haemorrhage,  finally  requiring 
nephrectomy.  In  8  out  of  the  9  cases  nephrectomy  was  performed,  with  3 
deaths  ;  in  the  ninth  case  nephrectomy  was  not  considered  necessary,  and 
the  patient  died  from  other  woimds.  In  Case  14,  intraperitoneal  secondary 
haemorrhage  took  place,  and  was  followed  by  death  ;  the  haemorrhage  was, 
however,  unconnected  with  the  kidney  or  its  vessels. 

The  date  of  onset  of  secondary  haemorrhage  in  these  nine  cases  was  as 
follows  :  third  day  in  Case  21,  seventh  day  in  Case  24,  tenth  to  fifteenth  day 
in  Cases  9,  15,  18,  30,  and  41,  and  four  weeks  and  one  month  after  injury  in 
Cases  25  and  32  respectively.  In  Case  9,  bleeding  took  place  into  the 
bladder ;    in  Cases  18  and   22,  into  the   perirenal    tissues  ;    in   Cases  24,  25, 
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and  30,  into  the  bladder  ;  and  in  Cases  32  and  41,  through  the  external 
wound.  The  nature  of  the  missile  was  as  follows  :  shell  in  6  cases,  bullet  in 
2,  and  shrapnel  ball  in  1.  Of  the  6  cases  in  which  the  wound  was  produced 
by  fragments  of  shell,  3  died  ;  both  cases  wounded  by  bullet  recovered  ; 
the  case  wounded  by  shrapnel  ball  died  from  other  injuries. 

The  histor}'  of  a  case  of  moderate  secondary  haemorrhage  is  well  exempli- 
fied in  Cases  15  and  25,  In  these,  several  attacks  of  varj^ing  severity  occurred, 
with  intervals  of  freedom  ;  in  both  cases  the  surgeon  held  his  hand  in  the 
hope  that  each  attack  would  be  the  last,  and  in  both  cases  nephrectomy  was 
finally  performed.  In  the  remaining  cases,  the  first  or  second  attack  was  so 
severe  that  radical  measures  were  at  once  adopted. 

From  an  analysis  of  the  cases  I  have  just  mentioned,  it  is  evident  that 
while  shell  wounds  are  more  likely  to  cause  secondary  haemorrhage,  bullet 
wounds,  producing  an  apparently  trivial  injury,  are  not  devoid  of  danger. 

Factors  Contribniing  to  Secondary  Hoemorrhage. — Secondary  haemorrhage 
in  the  kidney,  as  in  other  parts  of  the  body,  is  due  to  failure  of  the  natural 
processes  of  repair  which  tend  to  arrest  bleeding,  viz,,  retraction  of  the 
vascular  coats,  formation  of  internal  and  external  clot,  and  final  cicatriza- 
tion of  the  bleeding  vessel  or  vessels.  Here,  as  elsewhere,  the  determining 
factor  is  the  presence  of  sepsis.  There  are,  however,  certain  other  circum- 
stances which  contribute  to  the  risk  in  the  case  of  the  kidney  :  (1)  The  blood- 
supply  is  out  of  all  proportion  to  the  size  of  the  organ  ;  (2)  The  blood-pressure 
is  liable  to  frequent  and  sudden  changes  ;  (3)  ('ollateral  circulation  being 
absent,  the  necrotic  areas  which  form  roimd  the  track  of  the  missile  tend  to 
jserpetuate  local  sepsis. 

Treatment  of  Secondary  Hoemorrhage. — It  must  be  admitted  that  the 
treatment  of  secondary  hjcmorrhage  from  the  kidney  or  its  vessels  is  highly 
unsatisfactory.  The  canon  of  surgery  in  other  parts  is  to  expose  the  bleeding 
vessel  and  tie  both  ends  in  as  healthy  a  spot  as  available-  Even  if  the  vessel 
in  the  kidney  giving  rise  to  the  bleeding  could  be  identified  and  dealt  with, 
the  inevitable  necrosis  of  its  area  of  supply  would  be  a  matter  of  importance, 
should  sepsis  extend  to  it.  There  seems,  up  to  the  present,  to  have  been  no 
middle  course  between  temporizing  and  ablation  of  the  organ  itself.  Sir 
George  Makins,^  in  an  article  dealing  with  gunshot  wounds  of  the  solid 
abdominal  viscera,  referring  to  cases  seen  by  him  at  the  base,  says  :  "  In 
none  of  these  eases  was  a  limited  operation  justifiable  .  .  .  This  opinion  is 
founded  on  the  fact  that  a  partial  operation  is  not  likely  to  remove  the  primary 
cause  of  the  bleeding,  viz.,  infection.  Hence  it  is  not  right  to  expose  a  patient 
already  grossly  anaemic  to  the  risk  of  a  fresh  haemorrhage  from  a  sutured  or 
partially  resected  organ." 

If  the  surgeon  is  satisfied  that  the  patient  has  another  sound  efficient 
kidney,  his  safest  course  will  probably  be  to  remove  the  offending  organ.  Is 
he,  however,  justified  in  assuming  that  such  is  the  case  ?  I  have  learnt  by 
sad  experience  in  civil  practice  that  even  in  a  healthy-looking  patient  it  is 
not  safe  to  assume  that  there  is  a  second  competent  kidney.  Since  I  came  to 
France,  a  number  of  men  have  been  sent  down  to  the  base  who,  on  being 
radiographed,  showed  renal  calculi  in  one  or  other  kidney.  I  have  seen  one 
case  of  tuberculous  kidney  and  two  cases  of  pyonephrosis  in  men  otherwise 
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perfectly  fit.  I  have  seen  a  kidney  removed  for  hfrmorrhage,  after  nephrotomy 
for  stone,  and  have  examined  a  patient  who  had  but  a  thin  sac  remaining  of 
his  kidney  on  one  side.  With  these  cases  in  my  mind,  and  there  must  be 
many  such  in  any  large  body  of  men,  I  do  not  feel  justified  in  recommending 
removal  of  a  damaged  kidney  without  any  knowledge  of  the  state  of  the 
opposite  one. 

For  this  reason,  I  would  strongly  recommend  that  some  attempt  should 
be  made,  whenever  this  is  possible,  even  vmder  the  adverse  conditions  of 
war,  to  ascertain  the  condition  of  the  un wounded  kidney.  An  injection  of 
indigo-carmine,  followed  in  a  few  minutes  by  examination  with  an  ordinary 
observation  cystoscope,  will  give  information  of  value  to  the  surgeon,  should 
he  be  called  upon  to  interfere  in  a  case  of  ha'morrhage  at  a  later  date.  Most 
cases  of  wounded  kidney  are  sufficiently  free  from  bleeding  at  one  time  or 
another  to  make  this  a  matter  of  no  great  difficulty. 

If  the  bladder  is  full  of  clots,  the  difficulties  of  cystoscopic  examination 
are  almost  insuperable.  A  method  which  has  been  carried  out  by  Major 
Grant  Andrew  in  similar  cases  in  civil  practice  is  well  worth  a  trial.  He 
performs  a  suprapubic  cystotomy,  turns  out  the  clots,  and  examines  the 
interior  of  the  bladder  with  a  Fergusson's  vaginal  speculum.  The  jets  from 
the  ureters  are  now  seen  with  the  greatest  ease.  The  bladder  is  subsequent!}^ 
sewn  up. 

Palpation  and  radiography  may  reveal  the  presence  of  a  second  kidney 
and  give  some  information  as  to  its  size  and  shape,  but  will  not  give  any 
idea  as  to  its  functional  capacity.  The  method  of  opening  the  peritoneum 
while  dealing  with  the  damaged  kidney,  and  passing  the  hand  across  to  the 
opposite  side  to  palpate  the  opposite  organ,  conveys  so  little  information, 
and  is  attended  with  so  mvich  risk  in  a  septic  case,  that  few  surgeons  would 
care  to  adopt  it.  If,  however,  an  abdominal  operation  has  been  performed 
at  a  clearing  station,  such  information  as  can  be  gained  by  this  method 
might  be  noted  on  the  patient's  field  card.  The  segregator  would  be  useless 
in  severe  hamaturia.  If  the  bleeding  is  coming  through  the  wound  in  the 
parietes,  and  clear  urine  is  obtained  from  the  bladder,  as  in  Case  41,  the 
inference  is  that  it  comes  from  the  iminjured  kidney.  An  examination  of 
such  a  specimen  of  urine  would  give  valuable  information. 

I  have  carefully  examined  most  of  the  kidneys  removed,  with  a  view  to 
estimating  what  operation  might  be  carried  out  short  of  a  total  extirpation. 
In  some,  the  damage  was  so  slight  and  the  condition  of  the  kidney  in  the 
neighbourhood  of  the  wound  so  good,  that  I  feel  certain  resection  of  the 
damaged  part  might  have  been  attempted — e.g.,  Case  30  (see  Figs.  191,  192). 
In  one  or  two  cases,  the  entrance  and  exit  wounds  in  the  trunk  and  in  the 
kidney  itself  were  so  minute  and  so  free  from  gross  sepsis,  that  no  harm  could 
have  resulted  from  a  trial  of  conservative  measures,  provided  that  the  opera- 
tion had  been  performed  before  the  patient  had  become  severely  ana-mic. 
The  primary  cause  of  the  bleeding  is  infection,  but  the  septic  area  might 
be  removed  entirely,  especially  in  the  slighter  wounds,  by  a  wedge-shaped 
excision.  It  must  be  remembered,  however,  that  any  incision  in  the  kidney 
may  give  rise  to  areas  of  necrosis  from  damage  to  blood-vessels  {Fig.  198). 
Much  judgement  would  therefore  be  required  in  deciding  on  a  partial  operation 
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in  a  given  case.  The  fact,  however,  that  partial  excision  for  localized  damage 
to  the  kidney  has  been  successfully  carried  out  at  clearing  stations  is,  I  think, 
an  argument  in  favour  of  a  similar  procedure  in  selected  cases  at  the  base. 
If  haemorrhage  comes  from  a  vessel  before  it  enters  the  hilum,  as  in  the  case 
represented  in  Fig.  194,  an  attempt  might  be  made  to  deal  with  it  locally. 
Such  cases  will,  however,  occur  so  rarely  that  few  surgeons  are  likely  to  have 
experience  of  the  best  method  of  dealing 
Avith  them.  ,  - 

As  to  the  best  time  to  intervene  in  a 
case  of  secondarj^  haemorrhage,  the  condition 
of  the  patient  and  the  frequency  and  sever- 
ity of  the  attacks  must  be  the  guide.  If 
bleeding  is  persistent  after  the  tenth  day, 
and  of  such  quantity  as  to  produce  anscmia, 
too  much  time  must  not  be  lost  in  deciding 
on  operation.  If  the  surgeon  elects  to  give 
partial  nephrectomy  a  trial,  this  must  be 
done  early,  and  before  the  patient  is 
blanched.  A  very  severe  attack  of  haemor- 
rhage at  any  period  demands  instant  inter- 
ference. Transfusion  of  blood,  as  in  Case 
32,  ought  certainly  to  be  carried  out  if  the 
patient  is  very  anaemic. 

In  all  cases,  as  soon  as  the  damaged 
kidney  has  been  dealt  with,  the  bladder 
must  be  emptied  of  clots.  We  have  found 
that  this  can  be  accomplished  by  a  Bigelow's 
evacuator  while  the  patient  is  on  the  table. 
Suprapubic  cystotomy  will  rarely  be  required 
for  this  purpose. 

As  an  alternative  to  indigo-carmine,  I 
have  recently  been  using  phenolsulphoneph- 
thalein  for  the  investigation  of  the  functional 
capacity  of  the  kidneys  after  injury.  This  is 
used  as  follows  :  One  c.c.  of  a  solution  con- 
taining 6  mgm.  of  the  drug  per  c.c.  is  in- 
jected intravenously.  In  one  hour,  60  per 
cent  of  the  total  amount  injected  will  be 
excreted,  if  the  kidneys  are  healthy.  If  in- 
jected intramuscularly,  the  time  of  appear- 
ance and  the  time  taken  for  elimination  will  be  somewhat  longer.  In  acid 
urine  the  colour  will  be  a  rich  amber,  in  alkaline  urine  a  permanganate 
pink.  To  ascertain  the  amount  of  the  drug  present  in  a  given  specimen  of 
urine,  the  latter  is  made  alkaline,  and  the  depth  of  colour  is  estimated  with 
a  standard  solution  in  a  colorimeter.  For  further  particulars  the  reader  is 
referred  to  an  article  on  "  The  Phthalein  Test,"  by  Rowntree  and  Geraghty.io 

The  two  cases  following,   investigated  by  the  phthalein   test   since  this 


Fig.  198. — A  kidney  removed  for 
secondary  haemorrhage  three  days 
after  nephrotomy  for  stone.  The  dots 
represent  suture  holes.  Such  close 
suturing  is  unnecessary.  Note  the 
areas  of  necrosis  produced  by  inter- 
ference with  the  blood-supply — partly 
by  section  and  partly  by  strangula- 
tion of  blood-vessels  by  sutures. 
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lecture  Avas  delivered,  bear  so  miieh  on  several  of  the  points  raised,  that  a 
short  aecount  of  them  may  with  advantage  be  given  here. 

Sergt.  H.,  was  wounded  in  the  left  loin  by  a  fragment  of  shell  on  June  10,  1917. 
The  fragment  was  removed  from  the  lower  ])oIe  of  the  left  kidney  at  a  elearing 
station.  He  was  admitted  to  a  base  hospital  under  the  care  of  Captain  Palmer  on 
June  11.  Two  days  later  he  developed  a  urinarj'  fistula,  but  this  was  almost  dry 
when  he  was  cystoscoped  on  June  28,  eighteen  days  after  injury.  One  e.e.  of  the 
solution  described  above  was  injected  into  a  vein.  The  drug  appeared  in  the  urine 
from  the  injured  kidney  in  five  minutes,  and  in  that  from  the  uninjured  kidney  in 
six  minutes.  Specimens  were  collected  by  ureteral  catheters  for  twenty-five  minutes. 
The  specimen  from  the  right,  uninjured,  side  was  as  follows  :  Sp.  gr.  1005,  flow 
sluggish,  phthalein  1  per  cent,  urea  0-007  gm,  per  c.c,  albumin  more  than  a  trace. 
That  from  the  injured  side  was  as  follows  :  Sp.  gr.  1015,  flow  free,  phthalein  4  per 
cent,  urea  0-012  gm.  per  c.c,  albumin  a  trace.  In  this  case  the  uninjured  kidney 
showed  verj'  doubtful  elTiciency,  and  if  an  operation  for  secondary  haemorrhage  had 
been  required,  it  would  have  been  unwise  to  have  sacrificed  the  injured  kidney, 
which  appeared  from  the  findings  to  be  much  the  better  of  the  two. 

Pte.  W.  R.,  was  wounded  in  the  left  loin  by  a  large  fragment  of  shell  on  July  7, 
1917.  The  foreign  body,  which  was  2^  inches  long,  was  removed  from  the  neighbour- 
hood of  the  lower  pole  of  the  left  kidney  by  Captain  Meyer  at  a  casualty  clearing 
station.  The  lower  third  of  the  kidney  was  found  ''  badly  lacerated,"  and  was  treated 
by  packing  and  B.I.P.P.  There  was  no  leakage  of  urine.  On  July  18,  the  urine  was 
reported  to  be  normal.  When  examined  at  a  base  hospital,  there  was  a  large  granula- 
ting wound  just  below  the  twelfth  rib  on  the  left  side  posteriorly. 

On  July  23,  1  c.c.  of  phenolsulphonephthalein  was  injected  into  the  muscles  of 
the  gluteal  region.  The  bladder  was  emptied  by  catheter  two  hours  later  ;  50 
per  cent  of  the  drug  was  recovered  from  this  specimen. 

On  July  24,  i.e.,  seventeen  days  after  injury,  the  urine  was  found  free  from 
albumin,  pus,  and  blood,  and  the  patient  was  cystoscoped.  The  bladder  was  found 
to  be  normal,  and  with  no  change  in  the  appearance  of  either  ureteral  orifice.  One  e.e. 
of  phenolsulphonephthalein  was  injected  intravenously,  after  catheters  had  been 
introduced  so  as  to  collect  the  urine  from  each  ureter  separately.  The  patient  was 
under  an  anaesthetic,  and  the  drug  appeared  on  both  sides  ten  minutes  after  injection. 
The  catheters  were  allowed  to  remain  in  the  ureters  for  twenty  minutes  after  the 
appearance  of  the  drug.  The  following  are  the  results  of  the  examination.  On  the 
right  side,  4-5  c.c.  of  urine  were  collected  in  thirty  minutes  from  the  time  of  intro- 
duction ;  this  quantity  contained  22-5  per  cent  of  the  total  amount  of  phthalein 
injected.  On  the  left  side,  3-7  c.c.  of  urine  were  collected  in  the  same  time,  con- 
taining 18-5  per  cent  of  the  total  amount  of  phthalein  injected.  Allowing  for  the 
difference  in  amount  of  the  fluid  collected  from  the  t^o  sides,  the  percentage  of 
phthalein  in  the  specimens  was  almost  identical.  Similarly,  the  quantity  of  urea 
excreted  per  e.e.  was  found  equal  on  the  two  sides.  No  appreciable  leakage  of 
fluid  had  taken  place  by  the  sides  of  the  catheters  while  in  the  ureters. 

The  result  of  this  investigation  shows  that  a  kidney  with  a  badly  lacerated  lower 
pole  had  completely  recovered  its  function  seventeen  days  after  injury.  The  only 
difference  between  the  two  sides  was  a  slightly  diminished  output  on  the  affected  side. 

I  am  indebted  to  Captain  Keith,  of  Johns  Hopkins  University,  for  the 
estimations  in  these  cases. 

Urinary  Fistula.  —  Urinary  fistula  is  very  likely  to  occur  under  the 
following  conditions:  (1)  When  the  pelvis  of  the  kidney  is  wounded;  (2) 
When  a  laceration  of  the  parenchyma  extends  so  deeply  as  to  involve  the 
pelvis  ;  (3)  When  the  ureter  is  injured.  Wounds  of  the  body  of  the  kidney 
of  a  perforating  character  are  not  likely  to  lead  to  leakage  of  urine,  though 
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these  may  have  passed  through  the  infundibula  or  calices.  Many  cases  of  the 
present  series  may  be  presimied  to  have  had  such  perforating  wounds,  but 
the  number  in  which  a  urinary  fistula  has  been  present  is  extremely  small, 
and  in  these  it  is  probable  that  the  missile  had  passed  obliquely  through  the 
pelvis  in  addition  to  perforating  the  kidney.  In  Case  36,  this  may  have 
happened.  In  Case  33,  the  foreign  body  was  felt  to  be  in  the  substance  of 
the  kidney,  and  had  probably  involved  the  pelvis  as  well ;  this  foreign  body 
disappeared  later,  possibly  by  way  of  the  colon. 

In  the  present  series,  9,  or  possibly  10,  of  the  42  cases,  had  a  leakage  of 
urine  from  the  wound  in  the  parietes.  Two  of  these  were  known  to  be  due  to 
injury  to  the  ureter,  as  seen  at  operation,  and  in  several  it  is  stated  that  the 
wound  in  the  body  of  the  organ  had  extended  to  the  pelvis.  In  the  cases 
in  which  the  kidney  was  removed  and  a  through-and-through  woimd  found, 
not  involving  the  pelvis,  no  leakage  was  discovered.  It  is  possible  that  a 
few  drops  may  have  exuded  at  the  time  of  the  injury,  and  that  the  infiltrated 
mass  usually  seen  around  the  kidney  was  in  part  due  to  the  irritation  so 
produced. 

The  leakage  may  appear  at  once,  when  it  may  be  presumed  that  the  ureter 
or  pelvis  has  been  torn  during  the  transit  of  the  missile,  as  in  Cases  1,  3,  4, 
and  5  ;  or  it  may  be  delayed,  when  it  may  be  presumed  that  sloughing  of 
a  portion  of  the  wall  has  taken  place  as  a  result  of  the  damage  inflicted.  In 
Case  27,  for  instance,  a  retroperitoneal  hacmatoma  was  found  at  operation, 
but  urine  did  not  appear  in  the  wound  imtil  a  week  had  elapsed.  The  urine 
may,  in  a  given  case,  accumulate,  and  may  later  reach  the  surface  ;  but  in 
the  case  just  referred  to  a  drainage  tube  had  been  inserted,  so  that  a  free 
passage  was  left  for  its  escape.  A  leak  immediately  after  injury  is  comparable 
to  primary  haemorrhage  from  a  wounded  artery,  and  may  be  called  primary 
leakage,  while  a  leak  occurring  after  an  interval  of  days  is  comparable  to 
secondary  haemorrhage  from  a  damaged  vessel,  and  may  be  called  secondary 
leakage.  In  the  latter  case  the  missile  has  probably  damaged  the  pelvis  or 
ureter,  a  portion  of  v/hich  gives  way  later,  exactly  as  in  the  case  of  an  artery 
under  similar  circumstances.  Leakage  of  urine  may  last  for  a  few  days  only, 
as  in  Cases  1  and  5,  or  it  may  last  for  months,  as  in  Case  4.  The  ultimate 
resvilt  will  of  course  depend  on  the  size  of  the  opening  and  the  amount  of 
destruction.     Complete  division  will  require  a  plastic  operation  or  nephrectomy. 

In  Case  3,  a  note  accompanied  the  patient  from  the  clearing  station  stating 
that  the  ureter  was  found  divided  below  the  pelvis  of  the  kidney,  and  that 
blood  and  urine  were  found  in  the  peritoneal  cavity.  It  is  improbable,  I 
think,  that  complete  division  had  taken  place,  as  the  leak  ceased,  though  no 
attempt  was  made  "  to  close  it  (the  ureter),  but  a  drain  was  inserted  through 
the  loin." 

In  Case  27,  already  referred  to,  for  a  time  all  the  urine  from  the  left 
kidney  came  through  the  lumbar  wound,  as  ascertained  by  cystoscopy  and 
ureteral  catheterization.  It  was  desirable  here  to  determine,  if  possible, 
the  amount  of  damage  to  the  ureter.  This  was  accomplished  as  follows  : 
Collargol  was  injected  by  a  ureteral  catheter  through  the  cystoscope  into  the 
lower  end  of  the  affected  ureter.  Radiograms  were  taken,  and  the  result  is 
seen  in  Fig.  199.     It  was  found  that  some  of  the  collargol  had  escaped  from 
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the  ureter  into  the  surrounding  tissues,  but  some  had  passed  on  to  the  pelvis 
of  the  kidney,  distcndinjr  jt  and  the  terminal  ealices.  The  deductions  which 
we  drew  from  a  study  of  this  radiogram  were  as  follows  : — 


Via.  199. — Case  27.  Collargograrn  of  injured  ureter.  The  collargol  has  escaped  from  a 
hole  in  the  ureter,  and  has  extravasated  widely  along  the  course  of  the  duct.  (Drawn  from 
a  radiogram.) 


1,  The  hole  in  the  ureter  was  of  moderate  size,  and  did  not  prevent  the 
passage  of  the  collargol  to  the  pelvis  of  the  kidney. 

2.  There  was  a  cavity  surrovmding  the  ureter,  filled  with  collargol  which 
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had  escaped  from  the  rent  in  it.  This  was  taken  to  be  a  cavity  in  the  position 
of  the  former  ha-matoma. 

3.  There  was  hope  that  the  opening  in  the  ureter  would  close.  This  hope 
was  justified,  as  the  urine  ceased  to  flow  from  the  wound  six  weeks  after  its 
first  appearance. 

We  did  not  venture  to  locate  the  exact  spot  in  the  ureter  at  which  the 
hole  was  situated,  but  the  method  just  described  might  be  of  service  in  this 
respect  in  similar  cases  in  future. 

Although  no  case  in  the  present  series  required  any  treatment  for  the 
leakage  per  se,  it  is  not  to  be  assumed,  of  course,  that  such  results  are  always 
to  be  expected.  Severe  damage  to  either  pelvis  or  ureter  will  necessarily 
involve  a  permanent  fistula,  failing  successful  plastic  operation. 

The  after-histories  of  the  cases  which  have  undergone  spontaneous  cure 
will  be  interesting  to  follow,  and  hydronephrosis  may  safely  be  predicted  in 
some,  from  contraction  of  the  scar  tissue  in  the  tube  itself  or  in  the  surround- 
ing parts. 

In  Case  15,  the  urinary  fistula  was  associated  with  a  fa?cal  fistula,  from 
damage  to  the  colon.  Both  fistula*  closed  in  time,  but  nephrectomy  for 
secondary  haemorrhage  was  required  later. 

Treatment  of  Urinary  Fistula. — Very  little  is  required  in  the  way  of 
treatment  in  these  cases  while  at  the  base.  If  there  is  evidence  of  accumu- 
lation of  urine  in  a  cavity,  a  way  of  exit  must  be  provided.  Otherwise  we 
have  left  them  severely  alone.  The  flow  of  urine  over  the  woimd  surfaces 
does  no  harm.  If  the  fistula  persists,  plastic  operation  or  nephrectomy  may 
be  required. 

CAUSES     OF     DEATH. 

The  chief  causes  of  death  in  injuries  to  th€?  kidney,  as  seen  at  the  base, 
are  sepsis  and  secondar\'  ha'morrhage.  Associated  injuries  were  responsible 
for  most  of  the  deaths  in  the  present  series.  Thus,  5  cases  had  spinal  injury, 
1  had  injury  to  the  pancreas  and  severe  sepsis,  1  had  multiple  wounds  and 
a  ha>mothorax,  and  1  died  from  intraperitoneal  secondary  ha?morrhage  un- 
connected with  the  kidney ;  3  died  from  sepsis  and  secondary  haemorrhage 
from  the  kidney.  This  makes  a  total  of  11  deaths  while  the  patients  were 
in  France.  Case  4  died  in  England  about  six  months  after  receipt  of  his 
injury  ;   the  immediate  cause  of  his  death  was  pneumonia. 

I  cannot  conclude  without  tendering  my  most  sincere  thanks  to  those 
medical  officers  who  have  so  willingly  assisted  me  in  the  collection  and 
examination  of  these  cases.  I  am  also  deeply  indebted  to  Captain  Herbert 
Henry  for  his  assistance  in  working  out  the  pathology,  and  to  the  Medical 
Research  Committee  for  the  services  of  their  artist,  Sergeant  Maxwell,  R.A.M.C, 
whose  excellent  drawings  illustrate  the  text. 
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SHORT     SUMMARY     OF     CASES. 

Case  1. — Pte.  S..  under  the  care  of  Capt.  Edye.  Bullet  wound.  Admitted  base 
hospital  Sept.  2S,  191.5.  Entr>%  mid-axillarj'  line,  left  side,  in  ninth  intercostal  space. 
Kxit,  on  level  with  first  lumbar  spine,  half  an  inch  from  middle  line,  same  side.  Blood- 
stained urine  per  urethram  and  some  urine  from  exit  wound.  Temperature  normal 
and  blood  absent  from  urine  two  days  later.  I'rine  ceased  to  come  from  wound  same 
time.     Evacuated  to  F^ngland,  doing  well,  Oct.  6,  1915. 

Track  of  Bullet. — Probably  as  follows  :  pleural  cavity,  diaphragm,  kidney,  and 
pelvis  of  kidney.     Possibly  involved  a  transverse  process. 

Case  2. — Bugler  S.,  under  the  care  of  Capt.  Cole.  Bullet  wounds.  Hit  on  Oct. 
16,  1915.  Admitted  base  hospital  Oct.  19,  suffering  from  haematuria,  breathlessness, 
and  pnpcordial  pain.  Multiple  wounds.  Compound  fracture  of  left  humerus,  and 
wounds  of  both  arms  and  both  legs.  There  was  an  entrance  wound,  caused  by  a 
bullet,  between  ninth  and  tenth  ribs  in  nipple  line,  very  small,  and  partially  sealed. 
Large  wound,  apparently  superficial,  in  back,  about  one  inch  to  right  of  vertebral 
column,  opposite  first  and  second  lumbar  vertebne.  Abdomen  rigid.  Patient  died 
a  few  days  after  admission. 

Post-mortem  Report  bif  Capt.  Hopwooff.—S^ight  side  of  thorax  full  of  blood-stained 
fluid,  3  pints.  Right  lung  collapsed.  No  fluid  left  side.  Recent  pericarditis,  some 
blood-stained  fluid  in  pericardium.  There  was  a  hole  through  diaphragm  in  front, 
near  costal  margin.  A  ragged  wound  through  lower  border  of  right  lobe  of  liver. 
This  went  right  through  the  latter,  and  admitted  two  fingers.  Abdominal  cavity  full 
of  blood-stained  fluid.  Left  kidney  enlarged.  Right  kidney  nearly  torn  in  half,  the 
space  between  the  two  halves  being  filled  with  dark  blood-clot. 

Traok  of  Bullet. — Through  an  aperture  in  right  nipple  line,  between  the  ninth  and 
tenth  ribs,  avoiding  right  lung,  through  pleural  cavity,  diaphragm,  right  lobe  of  liver 
near  lower  edge,  through  kidney,  and  out  through  muscles  of  back  at  level  of  disc 
between  the  first  and  second  lumbar  vertebra?,  a  little  to  right  of  middle  line.  The 
wound  of  exit  would  just  admit  the  little  finger. 

Case  3. — Pte.  R.,  under  care  of  Capt.  Driberg.  Bullet  wound.  Wounded  Nov. 
16,  1915.  Entrance  wound  in  front,  left  lower  quadrant.  Operation  at  a  casualty 
clearing  station.  Eight  perforations  in  three  and  a  half  feet  of  small  intestine.  Four 
feet  resected.  Left  ureter  found  "  divided  "  below  pelvis  of  kidney.  No  attempt 
was  made  to  repair  it,  but  a  drain  was  inserted  through  left  loin.  Blood  and  urine 
in  peritoneal  cavity.     Abdomen  closed.     Drained. 

Track  of  Bullet. — Anterior  abdominal  wall,  small  intestine,  ureter. 

Progress  good  ;  no  urine  passed  by  loin  wound  after  arriving  at  base,  about 
ten  days  after  inju^}^     Evacuated  to  England  with  urine  free  from  pus  and  blood. 

Case  i. — Rfm.  McC,  under  the  care  of  Capt.  Driberg,  Shell  wound.  Wounded 
Nov.  23,  1915.  Five  wounds  in  back,  right  side.  Largest  resembled  a  lumbar 
nephrectomy  wound.  Shell  fragments  had  been  removed  at  a  casualty  clearing 
station.  Had  much  haemorrhage  from  large  wound  after  injur5\  Admitted 
base  hospital,  Dec.  2.  The  large  wotmd  exposed  the  kidney,  which  protruded  when 
the  patient  coughed.  Urinary  fistula.  Exposed  kidney  somewhat  excoriated.  On 
Jan.  4,  1916,  a  pocket  of  pus  at  the  upper  part  of  wound  evacuated.  Quantity  of 
urine  per  urethram  varied  from  16  ounces  to  65  ounces  in  twenty-four  hours.  On 
.Jan.  10,  ver\'  little  leakage.  Cystoscoped,  .Jan.  17 :  Ureteral  catheters  passed 
easily  into  pelves  of  kidneys.  Before  catheterization,  urine  could  be  seen  issuing 
from  right  ureteral  orifice,  which  was  somewhat  rounded  in  shape  and  slightly  puffy. 
L'rinc  from  bladder:  alkaline,  sp.  gr.  1012,  contained  ammonium  urates,  triple  phos- 
phates, manj'  organisms,  and  a  few  bladder  cells.  I-'rom  right  ureter :  alkaline,  sp,  gr. 
1016,  ureteral  epithelium,  a  few  pus  cells,  numerous  red  cells,  numerous  organisms, 
ammonium  urates,  triple  phosphates,  and  some  epithelial  casts.     From  left  ureter : 
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alkaline,  sp.  gr,  1022,  no  pus,  sterile,  blood  cells  (trauma  of  catheter).  The  orjranisms 
referred  to  were  li.  proteus  and  Gram-positive  cocci.  The  pathological  repjort  was 
furnished  by  Capt.  A.  G.  Ritchie. 

Patient  after  evacuation  to  England  was  under  care  of  Major  Da\ies  of  5th 
Northern  General  Hospital,  who  kindly  reported  progress  of  case.  The  urinary 
fistula  had  closed  before  evacuation.  Major  Davies  reports  on  May  15,  1916 :  Em- 
pyema, subdiaphragmatic  abscess,  several  operations.  Free  discharge  of  urine  from 
fistula  for  weeks,  ultimately  closed,  but  patient  contracted  pneumonia  in  unaffected 
lung,  and  died  on  -May  6,  1910.  In  a  subsequent  letter.  Major  Da\ies  adds, 
'*  When  he  died,  his  urinary  fistula  and  the  chest  openings  had  closed,  and  he  had 
been  out  for  several  days,  and  seemed  to  be  picking  up  rapidly  when  he  contracted 
pneumonia  in  the  sound  lung  which  killed  him  in  four  days." 

Track  of  yiissile. — Lower  part  of  pleura,  diaphragm,  pelvis  of  kidney. 

Case  5. — Pte.  M.,  under  the  care  of  Capt.  Br\-an.  Rifle  bullet.  Wounded  Feb. 
18,  1916.  Note  from  Capt.  Dew,  from  a  casualty  clearing  station,  stating  that  the 
patient  had  an  injur\'  to  the  kidney,  that  there  was  a  slight  trace  of  blood  and  albumin 
in  the  urine,  and  a  urinarv'  fistula,  and  that  the  general  condition  of  the  patient  was 
good.  On  admission  to  base,  a  small  entrance  wound  was  found  2  in.  to  the  right 
of  first  lumbar  spine  and  4J  in.  above  the  level  of  the  anterior  superior  spine  of  the 
ilium.  Exit  wound  over  right  lower  ribs  (eleventh).  No  fistula.  Slight  rigidity 
right  iliac  region.  Slight  dullness  right  lower  chest.  Some  pain  on  coughing.  X  rays 
show  fracture  of  eleventh  and  twelfth  ribs.  Evacuated  to  England  on  Feb.  29, 
doing  well.     This  was  evidently  a  wound  of  the  pelvis  of  the  kidney. 

Track  of  Missile. — Posterior  abdominal  wall,  kidney,  peritoneal  cavity,  liver 
pleura,  chest  wall. 

Case  6. — Pte.  A.,  under  the  care  of  Capt.  Driberg.  Bullet  wound.  Wounded 
March  9.  1916. 

Probable  Course  of  Missile. — Through  muscles  of  posterior  abdominal  wall, 
external  to  left  renal  region,  across  spinous  process  of  twelfth  dorsal  vertebra,  through 
outer  part  of  right  kidney,  through  right  lobe  of  liver,  diaphragm,  and  pleura,  prob- 
ably missing  lung,  then  through  chest  wall  and  right  upper  arm. 

Haematuria  was  present.  There  was  no  pus  in  the  urine,  which  was  alkaline, 
sp.  gr.  1016,  and  contained  red  blood  cells  and  triple  phosphates.  Empyema.  No 
haemoptysis.  Frequency  of  micturition.  Bullet  casing  and  wood  from  rifle  renioved 
from  arm.  No  bile  in  urine  and  no  jaundice.  An  abscess  formed  in  liver  and  was 
drained.     A  good  deal  of  necrosis  of  liver  substance. 

This  was  a  transverse  wound  which,  from  its  course,  apparently  just  missed 
the  left  kidney  but  wounded  the  right  one. 

Case  7.— Pte.  J.  B.,  under  the  care  of  Capt.  Brj-an.  Shell  wound.  Wounded  on 
March  14,  1916.  Entrance  wound,  right  side,  level  with  disc  between  twelfth  dorsal 
and  first  lumbar  vertebrae  in  posterior  axillarj-  line.  Also  wounds  over  right  pubic 
spine,  right  buttock,  fold  of  buttock,  and  right  thigh.  Admitted  to  base  hospital 
March  17.  On  March  20,  laminae  of  eleventh  and  twelfth  dorsal  and  of  first  and 
second  lumbar  vertebrae  removed,  and  shell  fragment  extracted  from  left  side  of 
theca  between  the  eleventh  and  twelfth  dorsal  vertebrae.  Two  nerves  were  found 
divided.  Urine  contained  blood  and  pus  when  catheter  was  used  on  March  18. 
The  wound  involved  right  eleventh  rib  and  tip  of  twelfth.  On  March  21  abdomen 
full  and  tender.     Paraplegia.     Shell  did  not  strike  kidney  itself.     The  patient  died. 

Post-mortem. — ^Both  kidneys  enlarged  and  congested.  Ureters  dilated  but  not 
thickened.  On  the  upper  pole  of  kidney  of  right  side,  between  capsule  and  cortex,  a 
haematoma.  Beneath  this  an  ecchymosed  wedge-shaped  area,  with  base  uppermost, 
in  the  cortex  and  just  involving  pjTamids. 

Case  8. — Pte.  M.,  under  the  care  of  Major  West.     Bullet  wound.     Date  of  wound, 
March  15,  1916.     After  being  hit.  a  good  deal  of  pain  on  breathing.     Blood  in  urine. 
VOL.  v. — NO.    18.  20 
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No  vomiting.  Right  side  of  abdomen  rigid  above  umbilicus.  Entrance  wound, 
just  behind  mid-axillary  line,  lower  part  of  chest. 

Track  of  Bullet. — Chest  wall,  pleural  cavity,  diaphragm,  peritoneal  cavity,  liver, 
and   kidney. 

With  opaque  ureteral  catheter  in  position,  and  radiography,  bullet  located 
behind  kidney  or  ureter  at  level  of  lower  pole.  On  ]March  28,  bullet  removed 
from  this  situation.  The  bullet  had  passed  through  the  kidney  from  front  to  back 
near  hilum.  Except  for  the  track  of  the  bullet  the  kidney  looked  healthy.  Cysto- 
scopy :   Urine  from  both  sides  was  normal,   sp.  gr.  1015.     Complete  recovery. 

Case  9. — Rfm.  W.,  under  the  care  of  Major  West.  Bullet  wound.  Date  of 
wound,  March  17,  1916.     Through-and-through  wound. 

Track  of  Bullet. — Muscles  of  right  side  of  back,  transverse  process  of  first  lumbar 
vertebra  or  just  above  this,  kidney,  liver,  peritoneal  cavity,  chest  wall. 

Capt.  Taylor,  of  a  casualty  clearing  station,  saw  him  on  March  18,  and  noted  the 
following  :  Marked  hjcmaturia,  vomiting  (once),  pulse  120,  and  feeble.  Patient  pale 
and  cold.  Abdomen  tender  and  rigid.  Laparotomy  by  Capt.  Taylor  same  day: 
Blood  in  abdominal  cavity,  right  lobe  of  liver  perforated,  colon  bruised  on  inner  side, 
crdema  round  duodenum,  but  no  lesion  or  perforation  of  abdominal  viscera.  Under 
surface  of  liver  still  bleeding.  Packed  with  gauze.  Wall  closed  in  layers.  Four  days 
later,  urine  clear  ;  omentum  protruded,  replaced  imder  anaesthetic.  March  28,  urine 
blood-stained.  March  31,  severe  haimaturia,  blood-clots,  vomiting,  anaemia.  Same 
day,  nephrectomy.  A  large  mass  of  infiltrated  flesh-coloured  perirenal  tissue.  An 
opening  into  peritoneal  cavity  found,  and  portion  of  liver  projecting  into  nephrectomy 
wound.  The  opening  was  large.  Bullet  went  through  kidney  close  to  hilum. 
Patches  of  yellowish-white  colour  at  bases  of  pyramids  opposite  wound  in  kidney. 
Apices  of  all  pyramids  pale,  and  patches  of  yellowish  white  in  renal  columns  between 
the  affected  pyramids.  From  small  entrance  wound,  a  streak  of  white  extended 
outwards.  Exit  wound,  a  roimd  irregular  opening  with  a  margin  of  whitish  yellow 
round  part  of  circumference.  April  13,  large  clots  washed  out  of  bladder.  Well- 
marked  general  cystitis.  Urine,  after  operation,  averaged  50  to  60  ounces  per  diem. 
Recovery. 

Case  10. — Pte.  C,  under  the  care  of  Major  West.  Bullet  wound.  Wounded 
March  18,  1916.  Admitted  base  hospital,  March  20.  Complete  paraplegia  below  level 
of  iliac  crests.     Haematuria.     Died  April  2. 

Short  Report  of  Post-mortem. — Entrance  wound,  right  side.  No  exit.  Small 
left  hsemothorax.  Some  collapse  left  lung.  Right  kidney  wounded  at  upper  pole, 
and  spinal  cord  divided  at  level  of  twelfth  dorsal  vertebra. 

The  notes  of  this  patient  are  incomplete. 

Case  11. — L.-Cpl.  B.,  under  the  care  of  Capt.  De  la  Cour.  Bullet  wound. 
Wounded  March  21,  1916.  Range  300  yards.  Stooping  at  time.  Passed  water 
twenty-seven  hours  after  being  wounded,  and  noticed  that  it  was  bright  red.  Wound 
of  entry  small,  aseptic,  12  cm.  to  right  of  middle  line  of  back  and  ^  cm.  above  crest  of 
ilium.  Bullet,  pointing  down,  localized  as  lying  16  cm.  from  back,  about  9^  cm.  from 
mid-line  in  front,  same  side,  and  10  cm.  below  level  of  second  costal  cartilage.  Admitted 
to  base  hospital  on  March  23.  Haematuria.  Abdomen  rather  full  and  tympanitic. 
Very  acute  tenderness  over  liver.  Some  rigidity,  right  side.  No  vomiting.  Temper- 
ature 101-2'',  pulse  94,  respirations  30.  Has  had  old  bronchitis.  Bullet  appears  to 
have  injured  posterior  border  of  right  kidney,  and  the  liver.  I'rine  remained  slightly 
stained  until  April  9,  i.e.,  about  nineteen  days.  Quantity  of  urine  averaged  40  to 
50  ounces  in  twenty-four  hours.  Bullet  was  judged  to  be  in  vicinity  of  diaphragm. 
Cystoscopy,  three  weeks  after  injury  :  Right  ureteral  orifice,  a  little  puffy,  with  slight 
congestion  around.  Anuria  on  right  (affected)  side  for  several  minutes  after  passage 
of  ureteral  catheter.  Flow  from  left  side  free  from  moment  of  introduction  of  catheter. 
Indigo-carmine  cam.e  through  on  both  sides  fifteen  minutes  jifter  injection  into 
buttock.     Colour  deeper  on  uninjured  side.     Specimen  from  right  side  :   sp.  gr.  1005, 
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acid,  clear,  trace  of  albumin,  renal  cells  and  epithelial  casts,  ureteral  epithelium,  no 
pus,  no  blood.  Specimen  from  left  side  :  sp.  gr.  1010,  acid,  clear,  trace  of  albumin, 
hyaline  and  epithelial  casts,  renal  cells,  ureteral  epithelium,  oxalate  of  calcium 
crj-stals.     The  patient  was  discharged  to  England  in  good  condition. 

Case  12. — Sergt.  H.,  under  the  care  of  Major  West.  Bullet  wound.  Wounded 
while  standing,  on  March  20,  1916.  Range  about  300  yards.  Seen  by  Capt.  Meyer 
at  a  casualty  clearing  station,  who  sent  notes  as  follows  to  base  :  "  Pulse  128.  temper- 
ature 97°,  no  abdominal  rigidity,  vomited  twice,  ver>-  marked  hsematuria,  which 
ceased  in  two  days.  Lost  a  good  deal  of  blood  by  external  wound."  Admitted 
base  hospital,  March  24. 

Track  of  Bullet. — Abdominal  muscles,  peritoneal  cavity,  omentum,  descending 
colon(?),  left  kidney,  and  posterior  abdominal  wall.     Through-and-through  wound. 

Had  cystitis,  although  no  catheter  had  been  passed.  Cystoscopy,  April  11  : 
General  cystitis.  Indigo-carmine  injected  into  buttock  appeared  on  both  sides  in 
about  fifteen  minutes,  under  ether.  Specimens  from  right  side  :  sp.  gr.  1005,  trace  of 
albumin,  no  blood,  a  few  pus  cell  (?),  cells  from  ureter,  no  micro-organisms.  Left 
(injured)  side  :  sp.  gr.  1005,  trace  of  albumin,  blood  cells,  no  pus  cells,  cells  from  pelvis 
of  kidney  and  from  tubules,  Streptococcus  pyogenes  and  B.  coli.     Recoveiy. 

Case  13. — Pte.  J.  W.,  under  the  care  of  Major  West.  Bullet  wound.  Wounded 
in  erect  position  at  a  range  of  about  500  yards  on  April  18,  1916.  Entrance  wound, 
right  side,  level  of  tenth  dorsal  spine,  posterior  axillar>'  line.  Bullet  located  by 
X  rays,  lying  2-4  cm.  from  middle  line  opposite  fourth  lumbar  vertebra  and  1  cm.  from 
the  plate  on  right  side.  Note  from  Capt.  Stevenson  of  a  casualty  clearing  station  : 
••  On  admission,  vomiting,  hard  rigid  abdomen.  Decided  to  wait  before  operating. 
Marked  haematuria,  which  is  improving.  Still  has  attacks  of  pain  in  right  side,  prob- 
ably due  to  blood-clots  in  ureter.  Htematuria  for  about  a  week.  Haemothorax, 
right  side.  Some  cough.  No  haemoptysis."  Admitted  base  hospital,  April  22. 
No  abdominal  symptoms.  Urine  contains  blood  and  pus.  April  27,  no  visible  blood. 
April  30,  laboratory-  reports  blood  and  pus.  May  12,  a  few  red  blood  cells  and  much 
pus,  also  ver\'  numerous  streptococci  and  a  large  Gram-positive  bacillus.  Quantity 
of  urine,  50  to  60  ounces  in  twenty-four  hours. 

Track  of  Bullet. — Right  side,  chest  wall,  pleura,  lung,  diaphragm,  peritoneal 
cavity,  liver,  kidney,  and  erector  spinae. 

Had  slight  fever  for  about  a  week.  Cystoscoped,  May  16  :  Slight  degree  of 
cystitis.  Indigo-carmine  came  through  twelve  minutes  after  injection.  Colour 
deeper  on  left  or  uninjured  side.  Flow  apparently  more  on  left  side,  but  some  escaped 
by  the  side  of  the  catheter  on  the  right.  Specimen  from  right  side  :  acid,  sp.  gr.  1015, 
Streptococcus  pyogenes,  pus,  renal  cells  from  tubules,  no  casts.  From  left  side  :  acid, 
sp.  gr.  1025,  sterile,  pus  cells  (?),  hyaline  casts,  accidental  blood.  Patient  made  a 
good  recover}'. 

Case  14. — Pte.  W.  C,  under  the  care  of  Capt.  Kelly.  Bomb  wound.  Accident- 
ally wounded,  Feb.  22,  1916.  \Mien  admitted  to  a  casualty  clearing  station  was 
in  a  collapsed  condition.  Had  retention  of  urine.  Specimen  removed  by  catheter 
contained  blood.  This  diminished,  and  was  slight  in  amount  on  Feb.  24.  Admitted 
base  hospital  Feb.  25.  In  addition  to  slight  wounds  of  extremities,  there  was  a  small 
entrance  wound  on  left  side  of  back,  4-2  cm.  above  highest  point  of  iliac  crest  and 
9  cm.  from  mid-line,  opposite  inter\-al  between  second  and  third  lumbar  spines. 
Foreign  body  retained.  Haematuria  ceased  a  few  days  after  admission.  He  had 
slight  fever,  but  this  subsided  in  a  few  days.  X  rays  showed  a  small  foreign  body 
4-4  cm.  from  skin  of  back  and  3-25  cm.  from  middle  line  just  below  lower  border  of 
last  rib  on  left  side.  There  were  two  smaller  fragments,  evidently  quite  superficial. 
An  opaque  ureteral  catheter  was  introduced  on  March  9,  and  stereoscopic  radio- 
grams were  taken.  The  two  small  pieces  of  shell  were  well  behind  the  opaque  catheter. 
The  larger  one  was  in  the  same  plane  as  the  ureteral  catheter  and  on  a  level  with  its 
upper  end,  but  much  nearer  the  mid-line.  The  foreign  body  was  located  as  lying  near 
the  inner  margin  of  the  upper  pole  of  the  kidney.     On  introducing  the  cystoscope, 
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before  ureteral  catheterization,  a  clot  of  blood  was  seen  at  the  mouth  of  the  left  ureter. 
Specimens  from  right  side  :  acid,  sp.  gr.  1020,  urates,  albumin,  a  few  blood  cells 
(trauma  of  catheter),  no  casts,  no  pus  cells.  Staphylococcus  pyogenes  aureus.  Left 
side  :  acid,  sp.  gr.  1005,  slightly  cloudy,  stained  with  blood,  loaded  with 
albumin,  pus  cells  in  quantity,  cells  from  pelvis  and  ureter,  nuich  cellular  detritus. 
Staphylococcus  pyogenes  aureus  and  Streptococcus  pyogenes. 

The  patient  died,  unexpectedly,  on  March  17.  The  post-mortem  was  made  by 
the  late  (apt.  Tanner.  The  abdominal  cavity  was  full  of  blood.  The  perirenal 
tissues  were  much  infiltrated  and  thickened.  On  the  posterior  surface  of  the  kidney 
was  an  oblique  track  extending  from  the  posterior  border  upwards  and  inwards, 
grooving  the  surface,  as  far  as  the  upper  pole.  Tlie  missile  was  found  between 
the  kidney  and  the  suprarenal  capsule  (see  Fig.  195).  The  perirenal  thickening 
involved  the  tail  of  the  pancreas,  and  it  was  from  this  region  that  the  haemorrhage 
took  place.  The  spleen  was  quite  normal.  The  appearance  of  the  kidney,  and 
the  results  of  the  microscopical  examination  of  sections  from  dilTerent  parts  and 
from  the  opposite  kidney  have  already  been  described  (see  section  on  Effects  of 
MissiiJs  ON  Kidney). 

Case  15. — Pte.  T.,  under  the  care  of  Capt.  Morgan.  Shell  wound.  Wounded 
May  28,  1916.  Capt.  Meyer  saw  this  case  at  a  casualty  clearing  station.  The  wound 
was  on  the  right  side,  and  involved  the  ascending  colon.  Operation,  May  29 :  A  large 
haematoma  on  the  outer  side  of  colon.  Much  blood-clot  removed  from  here.  Laparo- 
tomy in  middle  line  by  Capt.  Meyer,  who  found  a  hole  in  the  colon  and  sutured  it. 
Drainage  anteriorly  and  posteriorly.  May  31,  faeces  and  urine  began  to  escape  from 
posterior  wound.  On  June  8,  a  secondaiy  hjemorrhage.  Blood  flowed  from  loin  and 
into  bladder.  Patient  was  pulseless.  June  9,  pulse  improved,  rate  130.  June  13, 
another  haemorrhage  from  loin  and  into  bladder.  Patient  now  aljsolutely  pulseless. 
June  li,  pulse  again  improved.  Jime  16,  faecal  fistula  was  closed.  No  haeniaturia 
now.  liOin  wound  was  opened  and  pus  evacuated.  Improved  since.  Evacuated 
to  base.  On  June  27,  another  secondary  haemorrhage,  filling  up  bladder.  Severe 
suprapubic  pain.  A  further  haemorrhage  on  June  28.  On  June  29,  wound  in  loin 
extended  and  kidney  explored.  Laceration  in  lower  pole,  extending  into  pelvis.  Some 
extravasation  of  blood  in  perirenal  tissues.  Sharp  triangular  piece  of  metal  removed 
from  just  behind  kidney.     Kidney  was  removed. 

Track  of  Wound. — From  before  back,  towards  loin,  involving  colon  and  kidney 
in  transit. 

Blood  evacuated  from  bladder  by  catheter.  Organisms  in  great  numbers  were 
subsequently  found  in  urine,  coliform,  streptococcal,  and  diphtheroid.  July  1, 
some  cystitis.     No  blood.     Improving.     Patient  made  a  good  recovery. 

Case  16. — Driver  B.  P.,  under  the  care  of  Capt.  Thomas,  at  a  casualty  clearing 
station.  Bullet  wound.  Injured  June  5,  1916.  Entrance  wound  right  side  at 
costal  margin,  9-2  cm.  from  middle  line  in  front.  Exit  wound,  7  cm.  from  middle 
line  behind  and  8^  cm.  above  highest  point  of  iliac  crest.  Catheter  required  same 
night.  Haematuria  for  six  days.  Catheter  required  for  two  days.  No  evidence  of 
intestinal  injury  and  no  external  bleeding.  Temperature  reached  100°  at  night, 
for  a  few  nights. 

Track  of  Bullet. — Anterior  abdominal  wall,  peritoneal  cavity,  liver,  kidney,  peri- 
renal fat,  and  muscles  of  back. 

On  June  18  a  small  amount  of  blood  again  appeared  in  urine  (twelve  days  after 
injury).  June  19,  no  blood.  June  26,  a  few  pus  cells  in  urine.  Evacuated  to 
England  June  28,  doing  well.     Only  a  few  days  at  base. 

Case  17. — Pte.  S.,  under  the  care  of  Capt.  Tobias.  Shell  wound.  Hit  June  11» 
1916.  Three  wounds  of  back  and  some  small  wounds  of  upper  arm.  Admitted  on 
June  12  to  a  casualty  clearing  station  under  Capt.  Alann.  Patient  was  pale,  shocked, 
temperature  97°,  pulse  108,  respiration  40.  ('repitus  and  dullness  at  base  of  left 
lung,  dyspno-a,  haemoptysis,  vomiting,  haematuria,  tenderness   left   hypochondrium . 
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June  14,  urine  clear.  Admitted  base  hospital  June  20.  Urine  then  contained  blood 
and  pus.  Temperature  for  a  few  days  reached  102-  in  the  evening,  but  gradually 
settled.  Fracture  of  ninth  rib  on  left  side.  Entrance  wound  on  right  side,  size  of  a 
sixpenny  piece,  12.V  cm.  above  iliac  crest,  and  H\  cm.  from  mid-line.  On  left  side,  two 
superficial  wounds.  A'  rays  show  foreign  body  about  7  cm.  to  right  of  body  of  second 
lumbar  vertebra  and  4|  cm.  from  plate  on  back.  Xo  foreign  body  on  left  side  where 
there  are  wounds.  Cystoscoped,  June  28  :  Ureters  catheterized.  Indigo-carmine 
injected  into  buttock.  Both  ureteral  specimens  show  colour  in  ten  minutes.  The 
left  (uninjured)  side  soon  became  more  deeply  stained.  Both  sides,  sp.  gr.  1015. 
There  were  a  few  red  cells  on  the  right  (injured)  side,  but  pus  and  micro-organisms 
were  absent  on  both  sides.  On  June  21.,  the  piece  of  shell  was  removed  from  loin.  It 
lay  posterior  to  right  kidney,  the  lower  pole  of  which  it  had  grooved  to  the  depth  of 
a  quarter  of  an  inch.  There  was  much  matting  of  perirenal  fat.  The  injure'  to  the 
lung  on  the  left  side  was  unconnected  with  the  missile  which  injured  the  kidney  on 
the  right  side. 

Case  18. — Pte.  B.,  under  the  care  of  Capt.  Tobias.  Shrapnel  ball.  Wounded, 
June  11,  1916.  .Multiple  woimds.  There  was  an  entrance  wound  in  left  loin  just 
above  crest  of  ilium  posteriorly.  Xo  exit.  Retention  of  urine.  Paraplegia.  Com- 
plained of  abdominal  pain,  which  was  relieved  by  catheterization.  Haimaturia. 
June  IG,  persistent  vomiting.  High  swinging  temperature.  Vomiting  continued, 
with  abdominal  pain,  not  localized.  Xo  tenderness  or  rigidity.  Ver>'  slight  dull- 
ness in  right  flank.     June  20,  vomiting  and  delirium  until  death. 

Post-mortem. — Ball  had  passed  obliquely  upwards  from  the  entrance  wound, 
traversing  third,  second,  and  first  hmibar  vertebne,  passing  through  spinal  canal, 
and  wounding  right  kidney  at  upper  pole.  It  had  then  passed  into  peritoneal  cavity, 
and  was  found  free  in  right  iliac  fossa.  Xo  other  abdominal  lesion.  Recent  secondary 
haemorrhage  from  kidney.  Subphrenic  abscess.  Cauda  equina  contused.  Xo  hole 
in  theca. 

Case  19. — Cpl.  F.,  under  the  care  of  Capt.  Ridewood.  Rifle  grenade.  Wounded 
June  13,  1916,  in  back,  thigh,  and  left  hand.  The  wound  in  the  back  was  on  the 
right  side.  Ha^maturia  for  first  time  June  14.  Urine  clear  to  naked  eye  June  15. 
X  rays  showed  shell  fragments  in  right  loin.  There  was  a  punctured  wound  5-8  cm. 
above  highest  point  of  iliac  crest  and  10-4.  cm.  to  right  of  centre  of  spine.  Two  frag- 
ments seen  in  skiagram.  The  smaller  piece  was  10-6  cm.  deep  from  surface  of  back 
opposite  lower  part  of  body  of  first  lumbar  vertebra.  The  larger  part  was  97  cm. 
from  surface  of  back  opposite  disc  between  first  and  second  lumbar  vertebrae.  Both 
fragments  were  5  cm.  distant  from  right  border  of  vertebrae.  Cystoscopy,  June  20  : 
Bladder  and  ureteral  orifices  normal.  Opaque  catheter  introduced  into  pelvis  of 
kidney  on  right  side.  Radiography  shows  upper  fragment  3-8  cm.  anterior  to 
catheter  and  lower  fragment  2-2  cm.  anterior  to  catheter.  Both  fragments  are 
therefore  probably  anterior  to  kidney.  The  upper  fragment  ought  to  be  in  the  liver, 
and  the  lower  one  in  or  touching  the  liver. 

Track  of  Missiles. — Both  probably  took  the  following  course  :  Erector  spinse 
quadratus  lumbonmi,  kidney,  and  peritoneal  reflection  between  it  and  the  liver. 

Specimens  of  urine  were  taken  from  each  ureter.  Right  side :  sp.  gr.  1015, 
blood-stained,  no  pus,  epithelial  cells  from  ureter.  Left  side  :  sp.  gr.  1020,  deep 
amber,  no  pus,  a  few  red  cells.  Bacteria  not  seen  in  either  specimen.  Evacuated 
to  England  on  June  22.  The  patient  was  recently  heard  of  through  the  Medical 
Research  Committee,  and  remains  free  from  urinarj-  symptoms. 

Case  20. — Pte.  A.,  under  the  care  of  Major  West.  Bullet.  Hit  in  right  loin. 
Laparotomy  by  Capt.  Gross  at  a  casualty  clearing  station.  Large  perirenal  haema- 
toma,  and  apparently  perforation  of  right  kidney  by  bullet.  Wound  closed,  no 
abdominal  viscera  involved.  The  bullet  had  been  previously  removed  by  regimental 
surgeon.  Xo  historj-  of  haematuria.  On  June  20,  1916,  a  small  abscess  formed  in 
the  wound,   and  this  was  opened  by  Major  West  at  a  base   hospital.     June  26, 
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Capt.  Henrj'  fouiwl  pus  in  small  quantity,  but  no  blood  in  urine.  June  28,  the 
wound  again  required  opening  up.  Subsequent  progress  good.  Notes  of  this  case 
are  incomplete. 

Case  21. — Gnr.  J.  W.,  under  the  care  of  Capt.  Whittington.  Grenade  wound  of 
back.  Wounded  July  6,  1916.  Passed  urine  containing  blood  two  hours  after 
injur\'.  The  cause  of  injury'  was  a  small  fragment  of  metal,  which  was  retained. 
There  was  rigidity  and  tenderness  of  right  side  of  abdomen.  No  vomiting.  Bowels 
opened  with  enemata.  Urine  contained  blood  imtil  July  12,  when  it  was  found 
normal. 

Case  22.— Pte.  S.,  under  the  care  of  Capt.  Bazett.  Shell.  Wounded  July  16, 
1916,  in  lateral  aspect  of  right  loin.  Also  a  wound  of  right  forearm.  No  history  of 
ha^maturia.  Missile  retained  in  lumbar  region.  The  day  after  admission  to  a  base 
hospital,  became  suddenly  blanched,  and  complained  of  great  pain  in  right  lumbar 
region,  with  rigidity.  Pulse  became  very  rapid.  Operation,  July  18  :  Transverse 
abdominal  incision  at  level  of  umbilicus.  Some  blood-stained  fluid  in  peritoneal 
cavity.  Colon  much  ecchymosed.  A  large  retroperitoneal  haemorrhage.  Kidney 
explored.  Found  wounded,  and  removed.  Clot  cleared  out.  The  kidney  showed 
an  entrance  wound  anteriorly  in  the  lower  third,  and  a  larger  wound  on  the  posterior 
surface.  There  was  much  ecchymosis  of  the  kidney.  A  patch  of  necrosis  extended 
from  entrance  wound  towards  ureter.     Patient  died  the  same  day. 

• 

Case  23. — Pte.  A.,  under  the  care  of  Capt.  Tobias.  Shell.  Wounded  on  July  14, 
1916,  in  right  side  of  back  at  level  of  crest  of  ilium.  2  inches  from  mid-line.  Missile 
retained.  X  rays  show  missile  opposite  second  lumbar  vertebra  about  3  inches  from 
mid-line,  and  3 J  inches  from  plate  on  back.  Urine  contains  red  blood  cells,  pus  cells, 
and  granular  casts.  No  previous  kidney  trouble.  On  July  18,  had  two  rigors, 
temperature  rising  to  101°  in  one  and  104.-8°  in  the  other.  The  fragment  was 
located  just  below  the  last  rib  near  its  outer  part.  There  was  an  irregular  shadow  of 
doubtful  nature  in  the  neighbourhood  of  the  ureter,  opposite  the  third  lumbar  vertebra 
on  same  side.  Operation,  July  19  :  ^Exploration  of  kidney.  Normal  kidney  found. 
Missile  had  passed  through  crest  of  ilium,  across  line  of  ureter,  leaving  on  its  way  a 
wad  of  clothing.  This  may  have  been  the  source  of  the  irregular  shadow.  The  track 
passed  on  in  front  of  the  lower  pole  of  the  kidney  through  an  aperture  in  the  perito- 
neum, and  was  not  further  followed.  It  was  thought  that  the  condition  of  the  urine 
might  have  been  due  to  contusion  of  the  ureter  or  kidney.  There  was  some  ecchymosis 
in  the  track,  but  the  kidney  was  not  obviously  affected. 

Case  24. — Pte.  W^.  E.  E.,  imder  the  care  of  Major  McEwen.  Shell.  Wounded 
in  back,  left  side,  July  21,  1916.  Fragment  entered  between  eleventh  and  twelfth 
ribs  in  posterior  axillary  line,  and  probably  involved  the  lower  part  of  diaphragm. 
An  hour  after  being  hit  he  noticed  blood  in  his  urine.  Admitted  to  base  hospital  on 
July  23.  July  24,  urine  still  coloured,  but  no  pus  in  it.  Gas  infection  in  and  around 
wound.  July  26,  Major  McEwen  removed  a  piece  of  shell  with  clothing  from  the 
depths  of  the  wound,  slightly  anterior  to  the  lower  pole  of  kidney.  There  was  a  good 
deal  of  oozing  after  the  operation.  Urine  escaped  from  wound  in  loin.  July  27, 
severe  secondary  haemorrhage  into  bladder.  W^ound  rapidly  opened  up  and  pedicle 
clamped.  Later  in  the  day,  nephrectomy.  Death,  nine  hours  later.  Kidney  was 
enlarged.  A  large  ragged  wound  was  found  extending  into  the  pelvis.  Area  around 
the  wound  ecchymosed.  Cortex  pale  and  stippled  with  dark  dots.  Pyramids  pale- 
red  in  colour.  The  kidney  shows  disorganization  around  the  ragged  wound,  and  an 
area  of  necrosis  near  cortex.  For  microscopical  examination  see  under  Effects  of 
Missile  on  Kidney. 

Case  25.^Lieut.  S.,  under  the  care  of  Major  Martin.  Bullet.  Wounded  July 
23,  1916,  through  right  loin.  .Same  day  passed  blood  in  urine.  Entrance  wound, 
mid-lateral  line,  4  inches  above  iliac  crest  in  tenth  intercostal  space  on  right  side. 
Exit  wound,  on  same  level  half  an  inch  to  left  of  spinous  process  of  second  lumbar 
vertebra. 
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Probable  Course  of  Bullet.- — Chest  wall,  lower  part  of  pleural  cavity,  peritoneal 
cavity,  liver,  lower  half  of  right  kidney,  across  back  to  emerge  on  left  side,  possibly 
damaging  bone  of  lumbar  spinal  canal  in  its  passage  across  the  middle  line.  No 
spinal  sjinptoms. 

Admitted  Guy's  Hospital,  London,  on  July  29.  There  was  a  note  from  this 
hospital  to  say  that  '"  the  entrance  wound  was  healed,  but  the  exit  wound  was 
septic."  On  evacuation  to  England  he  still  had  blood  in  his  urine.  On  Aug.  6, 
about  a  fortnight  after  his  injury-,  hapmaturia  was  noticed.  -Aug.  21,  ver\'  profuse 
hacmaturia  ;  about  a  pint  and  a  half  of  pure  blood  was  passed.  After  each  attack 
the  urine  gradually  became  free  from  blood.  At  no  time  were  pus  cells  found. 
Aug.  26,  very  profuse  hsematuria.  This  continued  until  his  kidney  was  removed 
on  -Aug.  29.     Recoverj-  uneventful. 

I  am  indebted  to  Mr.  C.  H.  Fagge,  of  Guy's  Hospital,  for  the  following  note  : 
"  Lieut.  S.  had  several  haemorrhages,  and  I  operated  for  progressive  anaemia,  rising 
pulse,  and  pain  so  severe  that  he  said  that  he  could  not  stand  it  any  longer.  The 
kidney  is  in  Guy's  Hospital  Museum.  The  depressed  area  (just  below  the  middle  of 
the  organ  and  at  its  outer  border)  was  quite  yellow,  and  looked  like  an  infarct  ;  there 
was  a  tear  above  the  yellow  area,  and  some  blood  and  pus  around  the  kidney,  but  it 
was  evidently  a  mild  infection.     There  was  no  wound  of  the  pelvis." 

Case  26. — ^Pte.  H.,  under  the  care  of  Lieut  .-Col.  L'pjohn.  Shell  wound  over  left 
erector  spinae  opposite  second  lumbar  vertebra.  A  large  incision  had  been  made  in 
erector  spina;  at  a  casualty  clearing  station.  .Admitted  to  base  hospital,  Sept.  22, 
1916.  X  rays  showed  a  large  piece  of  shell,  deeply  situated,  probably  involving 
the  upper  half  of  left  kidney.  >Iicroscopical  examination  of  the  urine  showed  red 
and  white  blood  cells.  There  was  much  albumin  present.  The  temperature  ranged 
from  100°  to  103^,  and  the  pulse  was  rapid.  On  Oct.  11  nephrectomy  was  decided 
on.  There  was  free  venous  bleeding,  and  Col.  I'pjohn  found  it  impossible  to  deliver 
a  large  soft  friable  kidney  through  the  loin  with  safety.  There  were  firm  adhesions 
of  the  capsule  to  the  perinephric  tissues,  and  in  tr\-ing  to  remove  the  kidney  after 
decapsulation,  it  was  found  divided  into  an  upper  free  third  and  a  lower,  less  free, 
two-thirds.  The  foreign  body  was  found  and  removed,  and  the  kidney  left  in 
position.     The  patient  died  on  Oct.  13. 

Post-mortem.- — .\  small  amount  of  turbid  fluid  was  found  in  the  left  kidney  peri- 
toneal pouch,  but  no  definite  peritonitis.  Both  kidneys  were  about  twice  the  normal 
size,  soft,  dark  in  colour,  with  lighter  greyish  streaks  on  section.  No  areas  of  distinct 
suppuration  found.  The  capsule  of  the  right  kidney  peeled  in  a  normal  fashion.  The 
left  perinephric  tissues  were  infiltrated  with  blood,  and  were  thickened  and  sodden 
with  inflammation.  The  left  detached  renal  capsule  was  similarly  greatly  thickened. 
The  pancreas  had  been  cut  across  by  the  shell  fragment,  and  the  splenic  vein  was 
torn,  but  the  splenic  arter\-  was  intact.  The  distal  end  of  the  pancreas  was  black, 
but  still  firm.  [There  is  no  note  of  fat  necrosis. — .\.  F.]  The  kidney  was  seen  to 
be  completely  separated  into  two  parts,  an  upper  third  supplied  by  an  aberrant  artery, 
and  a  lower  two-thirds  recei^^ng  the  main  vessels.  The  torn  surface  was  greyish, 
but  sections  of  the  kidney  substance  showed  it  to  be  of  a  dark  maroon  colour,  with 
the  greyish  streaks  before  referred  to. 

I  am  indebted  to  Lieut.-Col.  Upjohn  for  the  notes  of  this  case. 

Cfl.se  27.— Pte.  G.  S.,  under  the  care  of  Capt.  Kelly.  Shell.  Wounded  Oct.  10, 
1916.  Entrance  wound  one  inch  to  left  of  eleventh  dorsal  spine.  No  exit  wound. 
No  paraplegia.  Chest :  nil.  Abdomen  :  tenderness  in  left  h\-pochondrium  and  left 
lumbar  region.  X  rays  showed  no  foreign  body.  No  blood  in  urine.  Oct.  13, 
abdomen  very  distended  ;  vomiting  ;  tenderness  and  rigidity  in  left  lumbar  region. 
Operation  at  a  casualty  clearing  station  :  entrance  wound  excised.  Track  could  not 
be  followed  by  finger.  Abdomen  opened  through  outer  edge  of  left  rectus.  No  free 
fluid.  No  injury  to  intestine.  Large  retroperitoneal  haematoma.  Abdomen  closed. 
Haematoma  drained  extraperitoneally  through  an  incision  in  loin.  Oct.  17,  urinary 
fistula  fa  week  after  injur\-).  Urine  flowed  from  this,  but  no  blood.  Oct.  27,  two 
moderate   h:eniorrhages   from  lumbar  wound.     Admitted  to  base  hospital,  Oct.  30. 
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Patient  anaMiiic  and  wasted.  Moderate  fever.  Pulse  raised.  Much  urine  coming 
from  a  deep  wound  in  loin.  X  rays  failed  to  discover  any  foreign  body.  (This  may 
have  been  removed  at  casualty  clearing  station.)  Tubular  breathing  and  a  little 
dullness  at  base  of  left  limg.  Cystoscopy,  Nov.  2  :  Both  ureteral  orifices  normal,  both 
exhibit  systole  and  diastole.  No  fluid  from  left ;  clear  urine  from  right.  Catheter  on 
left  arrested  6  inches  from  mouth  of  ureter.  Collargol  solution  injected  (see  Fig.  199). 
Skiagram  now  taken.  Fluid  had  evidently  escaped  into  surrounding  tissues  from  a  hole 
in  ureter.  Some,  however,  had  reached  the  pelvis,  and  distended  it  and  the  calices. 
The  urine  from  the  bladder  and  the  right  ureter  contained  some  epithelial  cells,  a  few 
pus  cells,  and  a  trace  of  albumin.  Patient  was  evacuated  to  England  on  Dec.  3, 
with  his  wound  dn^-.  No  urine  had  passed  by  the  wound  for  three  days.  The  missile 
here  had  probably  passed  down  obliquely,  injuring  the  lower  part  of  the  pleural 
cavity,  the  retroperitoneal  tissues  behind  the  kidney,  and  the  ureter. 

Case  28. — Pte.  W.,  under  the  care  of  Capt.  Tobias.  Shell.  Wounded  Oct. 
16,  1916.  Entrance,  tenth  chondro-costal  joint,  right  side  :  exit,  behind,  at  a  slightly 
lower  level,  2i  inches  to  right  of  mid-line.  No  pain  in  abdomen,  but  burning  pain  in 
back  of  thigh.  Blood  in  urine.  No  abdominal  tenderness  or  rigidity.  Operation 
at  casualty  clearing  station  by  Major  Gardner  :  abdomen  opened.  Colon  uninjured. 
Foreign  body  had  passed  through  chest  wall,  driving  a  portion  of  rib  into  liver. 
The  damaged  portion  of  rib  was  removed.  It  was  found  that  there  was  a  groove 
in  outer  border  of  right  kidney.  The  laceration  of  the  liver  bled  moderately.  There 
was  vomiting,  with  rapid  pulse,  during  the  night  of  Oct.  18,  and  bile  and  blood 
issued  from  the  posterior  wound.  Patient  improved,  and  was  sent  to  base.  Arrived 
at  base  hospital  on  Oct.  29,  doing  well.  Capt.  Henry  reported  much  blood  and 
pus  in  urine.     Evacuated  to  England  Nov.  4. 

Case  29. — Pte.  A.  C,  under  the  care  of  Capt.  Kelly.  Shell.  Wounded  Oct.  25, 
1916.  Entrance  wound,  left  side,  just  below  last  rib.  No  note  of  blood  in  urine. 
Laparotomy  by  Capt.  Rollinson  Oct.  28.  A  little  blood  in  peritoneal  cavity.  Retro- 
peritoneal ha-matoma.  Lower  pole  of  left  kidney  lacerated.  This  was  packed  and 
drained.  Missile  not  found.  Admitted  to  base  hospital,  Nov.  6.  Wounds 
clean.  Abdominal  wound  had  healed  per  primam.  No  blood  in  urine.  Foreign 
body  removed  from  a  swelling  over  crest  of  ilium.  I'rine  was  examined  by  Capt. 
Henry  on  Nov.  10.  It  contained  a  trace  of  albumin,  a  few  pus  cells,  and  red  blood- 
corpuscles.     Evacuated  to  England,  Nov.  15,  much  improved. 

Case  30. — Pte.  G.  W.,  under  the  care  of  Major  West.  Shell.  Wounded  Nov.  13, 
1916.  Wounds  of  right  foot,  and  right  side  of  chest.  Fractured  tibia.  A  small  haemo- 
thorax.  Nov.  19,  amputation  of  leg.  Nov.  23,  some  oozing  from  stump.  Nov. 
25,  passed  almost  pure  blood  per  urethram.  This  was  the  first  indication  that 
any  injury  had  been  done  to  urinary  organs.  X  rays  showed  a  fragment  of  shell 
2  inches  from  central  line  on  right  side,  just  external  to  tip  of  transverse  process 
of  third  lumbar  vertebra.  It  was  located  as  being,  probably,  in  the  psoas  muscle. 
The  entrance  wound  was  in  the  chest  wall,  fifth  interspace  on  right  side,  two  finger- 
breadths  outside  nipple  line. 

Probable  Course  of  Missile. — Chest  wall,  lung,  pleura,  diaphragm,  liver,  lower 
pole   of  kidney. 

The  secondary  haemorrhage  occurred  twelve  days  after  injury.  Cysto- 
scopy, Nov.  25.  Left  ureteral  orifice  normal  and  discharging  clear  urine ;  right 
shows  a  long  rope  of  blood-clot  attached  to  orifice ;  bladder  normal.  Urine 
from  left  side  normal ;  the  few  drops  obtained  from  the  injured  side  contained  blood 
but  no  pus.  Operation,  same  day  :  kidney  removed.  The  organ  was  pale  in  colour 
(see  Figs.  191,  192).  There  was  an  entrance  wound  at  lower  pole  about  an  inch  long, 
surrounded  by  an  irregular  ridge.  There  was  a  small  exit  wound  on  posterior  surface. 
The  wound  on  anterior  surface  was  surrounded  in  the  fresh  specimen  by  a  yellowish- 
white  slightly  raised  area,  and  there  was  a  similar  wedge-shaped  area  occupying  the 
anterior  surface,  posterior  border,  and  posterior  surface  at  lower  pole.  This  is  well 
depicted  in  the  drawing  by  .Sergt.  Maxwell.     The  shell  fragment  was  removed  from 
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the  spot  indicated  in  the  radiogram.  The  lanre  clots  of  blood  which  had  accumulated 
in  the  bladder  were  washed  out  with  an  evacuator.  Cystitis  developed  after  opera- 
tion.    Recover^'. 

Cftse  31. — Sergt.  D.,  under  the  care  of  Capt.  Morgan.  Shell.  Wounded  Nov.  11, 
1916.  Entrance  wound  at  level  of  lower  border  of  second  lumbar  vertebra  and  2 
inches  from  mid-line  on  left  side  behind.  Paraplegia.  Admitted  base  hospital  Nov. 
19.  Nov.  20.  abdominal  distention  was  noticed,  and  ver>-  profuse  ha^maturia,  with 
vomiting.  A'  rays  showed  a  large  piece  of  metal  at  level  of  twelfth  dorsal  vertebra  on 
right  side,  3  inches  from  mid-line  and  4|  inches  deep  from  back.  Two  days  after 
admission,  had  rigors,  temperature  running  up  to  106'.  Nov.  25.  blood  was  still 
present  in  the  urine.  Nov.  26,  blood  had  entirely  disappeared,  even  on  microscopical 
examination. 

Track  of  Missile. — Reconstructed  as  follows  :  Skin,  transverse  process  of  second 
lumbar  vertebra,  cauda  equina,  body  of  first  and  disc  between  first  and  second  lumbar 
vertebrse,  psoas  "muscle,  right  kidney,  liver  (in  which  progress  of  foreign  body  was 
arrested).     The  patient  died  on  Nov.  26. 

Post-mortem. — The  missile  was  found  to  have  traversed  the  body  of  the  second 
lumbar  vertebra,  then  a  vessel  passing  to  the  lower  pole  of  the  kidney,  finally  coming 
to  rest  in  the  liver.  Hepatic  abscess.  The  right  lung  was  adherent  to  the  diaphragm, 
and  the  latter  to  the  kidney.  The  coloured  drawing  by  Sergt.  Maxwell  (see  Fig.  194) 
is  a  faithful  representation  of  the  appearances  seen.  The  necrosis  of  the  area 
supplied  by  the  wounded  vessel  is  well  depicted,  and  some  of  the  infiltrated  perirenal 
tissue  is  shown. 

Case  32. — Pte.  G..  imder  the  care  of  Capt.  Kdwards,  to  whom  I  am  indebted 
for  short  notes  of  this  case.  Shell.  The  patient  was  wounded  on  Nov. 
25,  1916,  by  a  piece  of  shell  which  was  retained.  Heematuria  was  present.  On 
Dec.  24  severe  secondary-  haemorrhage  took  place  via  the  external  wound.  The 
patient  was  blanched.  Affected  kidney  removed  on  Dec.  25,  and  blood  transfusion 
performed  immediately  after.  The  improvement  in  patient's  condition  was  dramatic 
and  he  made  a  satisfactory-  recover^-.  There  was  a  small  perforating  wound  of  the 
kidney  near  the  centre,  with  an  area  of  necrosis  around  the  points  of  entrance  and 
exit.  For  microscopical  examination  of  removed  kidney,  see  section  on  Effects  of 
Missile  on  the  Kidney. 

Case  33. — Gnr.  J.,  under  the  care  of  Capt.  Hemnians.  Shell.  Wounded  Dec. 
28,  1916.  Laparotomy  at  casualty  clearing  station.  No  injurj-  to  gut.  Spleen 
intact.  I^arge  retroperitoneal  haematoma.  There  was  a  wound  in  loin.  This  was 
opened  up,  and  foreign  body  was  felt  in  substance  of  the  kidney,  but  could  not  be 
removed  with  safety.  There  was  a  tear  in  substance  of  kidney,  which  was  plugged. 
Lieut.  Donaldson  at  clearing  station,  with  stereoscopic  radiography,  located  a  foreign 
body  lying  8  cm.  below  skin-mark.  The  foreign  body  moved  with  respiration.  When 
admitted  to  base  hospital,  the  urine  contained  a  little  blood,  and  urine  was  leaking 
from  a  wound  in  the  loin.  The  patient  was  veiA-  ana-mic,  and  had  been  nmning  a 
temperature  up  to  104"  and  a  pulse  of  120  or  so.  There  had  been  a  good  deal  of 
sepsis  in  the  loin,  and  several  incisions  for  cellulitis  had  been  made.  Capt.  Gamlen 
ar-rayed  the  patient,  but  failed  to  find  any  foreign  body.  This  may  have  escaped 
unnoticed,  or  may  have  made  its  way  into  a  hollow  viscus.  On  Jan.  21,  1917, 
there  was  no  blood  but  some  pus  in  urme.  Jan.  31,  his  wounds  were  almost  healed, 
and  there  was  no  leak  of  urine.  He  was  evacuated  to  England  on  Feb.  1.  His 
urine  was  then  free  from  blood,  pus,  and  albumin. 

Case  34. — Pte.  W.  31.,  under  the  care  of  Capt.  Morgan.  Shell.  Wounded  March 
4,  1917.  Multiple  wounds.  The  wotind  in  right  lumbar  region  was  12  cm.  from  mid- 
line behind  and  7  cm.  above  iliac  crest,  about  the  eleventh  intercostal  space.  About 
an  hour  after  being  hit,  he  passed  urine  stained  with  blood.  ^Mien  seen  at  a  base 
hospital,  on  March  7,  abdomen  was  somewhat  rigid,  he  was  vomiting,  his  urine  was 
dark  in  colour,  tongue  brown,  pulse   108,  tiemperature  101 "".     The   urine  contained 
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much  blood,  a  very  few  pus  cells,  and  a  heavy  deposit  of  urates.  Icteric  tinjjc  in 
conjuncHvap.  Slight  cough.  A'  rays  showed  a  fragment  of  metal,  70  cm.  deej)  from 
back.  l()(i  cm.  from  mid-line,  at  level  of  lower  border  of  twelfth  dorsal  vertebra. 
There  was  also  another  small  piece  of  metal,  probably  in  muscles  of  back. 

Track  of  Missile. — Reconstruction  shows  that  it  probably  grooved  the  outer 
border  of  right  kidney  and  came  to  rest  in  the  liver. 

On  Alarch  27,  urine  only  contamed  a  few  red  cells,  a  few  pus  cells,  and  no  bile. 
Cystoscopic  examination  discovered  very  little  difference  between  the  s])eeimens 
drawn  from  each  kidney.  Indigo-carmine  was  delayed  on  the  affected  side,  taking 
twenty-five  minutes  as  against  twenty  on  the  undamaged  side,  under  an  anaesthetic. 
The  specific  gravity  was  equal  on  the  two  sides. 

Case  35. — Pte.  .1.  S.,  under  the  care  of  ('apt.  Palmer.  Shell.  Wounded,  March 
12,  1917.  Small  punctured  wound  li  inches  above  left  iliac  crest  and  1|  inches  to  left 
of  mid-line.  Abdomen  was  found  rigid  when  admitted  to  casualty  clearing  station 
same  day.  On  March  15,  when  admitted  to  base  hospital,  no  abdominal  symptoms. 
Straw-coloured  fluid  (urine  ?)  was  discharged  in  small  quantity  from  wound  in  the 
loin.  X  rays  showed  three  foreign  bodies  in  the  loin.  The  largest  was  located  just 
above  and  in  front  of  the  transverse  process  of  the  second  lumbar  vertebra.  The 
other  two  fragments  were  minute.  Urine  examined  on  several  occasions.  On 
]March  17,  it  was  reported  free  from  albumin  and  blood.  March  20,  a  trace  of 
albumin  and  blood,  pus  corpuscles  in  fair  quantity,  and  one  or  two  broken-down 
granular  casts  were  found.  March  2.3,  urine  normal.  March  27,  albumin  and  blood 
present.  A  couple  of  rises  of  temperature  to  101°-102°.  Cystoscopy,  March  29. 
Bladder  and  ureteral  orifices  normal.  Indigo-carmine  came  through  ten  minutes 
after  injection,  but  was  slightly  more  marked  in  urine  on  affected  side.  Sp.  gr. 
of  both  specimens,  1020.  A  few  red  cells  and  a  trace  of  albumin  on  each  side. 
Opaque  ureteral  catheter  was  introduced  to  locate  position  of  foreign  bodies  relative 
to  kidney.  The  largest  was  4  cm.  behind  the  catheter,  and  one  of  the  smaller  ones 
was  1-9  behind  the  catheter.  It  is  probable  that  the  kidney  was  contused,  but  not 
otherwise  injured. 

Case  36.- — Pte.  S.  B.,  under  the  care  of  Lieut. -Col.  Gordon  Shaw,  to  whom  I  am 
indebted  for  the  notes  of  the  earlier  progress  of  the  case.  Revolver  bullet.  Admitted 
to  casualty  clearing  station  March  11,  1917,  four  hours  after  being  wounded.  Small 
punctured  entrance  wound  in  back  at  level  of  third  lumbar  vertebra,  2  in.  to  right 
of  mid-line.  No  exit.  Tenderness  and  rigidity  on  right  side  of  abdomen.  Right  flank 
dull  on  percussion.  Right  side  of  chest  dull  to  level  of  eighth  rib  in  line  of  angle  of 
scapula.  Patient  passed  some  deeply  blood-stained  urine.  No  vomiting.  Pulse 
lOl-,  temperature  101°,  respirations  44.  Breathing  not  distressed.  Laparotomy, 
same  day  :  free  blood  and  blood-clot  in  peritoneal  cavity.  A  punctured  wound  was 
found  on  the  anterior  surface  of  the  kidney,  just  to  right  of  second  part  of  duodenum. 
An  entrance  wound  in  liver  immediately  in  front  of  transverse  fissure,  and  an  exit 
wound  was  felt  in  the  dome  of  the  liver.  Some  extravasation  of  blood  behind  second 
part  of  duodenum.  Col.  Shaw  divided  the  peritoneum  on  the  outer  side  of  the  duo- 
denum, mobilized  the  latter,  and  drew  it  over  to  left.  Wound  about  l^  in.  in  length 
discovered  on  posterior  and  outer  surface  of  duodenum,  extending  down  to,  but  not 
through,  the  mucous  membrane.  This  was  repaired,  the  duodenum  was  restored  to 
its  position,  and  the  peritoneum  sutured.  Drainage  tube  through  right  flank  by  stab 
puncture.  Abdomen  closed.  Next  day,  double  lobar  pneumonia.  3Iarch  13,  leakage 
of  urine  from  loin.  March  25,  right  pleural  cavity  explored  with  needle,  and  sterile 
blood-stained  fluid  drawn  off.  On  April  2,  urinary  fistula  practically  closed.  After 
his  arrival  at  the  base,  an  empyema  on  right  side  was  drained  by  Lieut.-Col.  Taylor. 
On  May  27.  urine  was  free  from  albumin,  pus,  and  blood.  Cystoscoped,  June  4, 
about  three  months  after  injury :  both  kidneys  secreting  well.  Sp.  gr.  on  both  sides, 
1010.     Indigo-carmine  came  through  in  fourteen  minutes  on  both  sides. 

Case  37. — Driver  R.  T.  W.,  under  the  care  of  Major  West.  Shell.  Wounded 
April  3,  1917,  in  back.    Paraplegia.   Blood  in  urine  on  first  catheterization  at  casualty 
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clearing  station.  Entrance  wound,  half  an  inch  in  diameter,  11  cm.  to  left  of  spine 
and  just  below  last  rib.  Admitted  to  base  hospital,  April  6.  X  rays  show  a  lai^e 
fragment  of  shell  between  second  and  third  lumbar  vertebrae.  Operation,  April  8. 
Laminectomy.  Fragment  easily  found  behind  eauda  equina,  which  was  exposed. 
Wound  was  investigated,  and  found  to  travel  upwards  and  inwards,  with  a  pocket 
towards  renal  region,  but  no  connection  with  kidney  was  seen.  The  latter  was 
therefore  probably  contused  by  transference  of  impetus  of  missile  during  passage. 
Evacuated  to  England. 

Case  38. — L.-Cpl.  J.,  under  the  care  of  Capt.  Hannigan.  Shell.  Wounded 
in  left  loin,  April  9.  1917.  I'rine  removed  by  catheter,  thirty-three  hours  after  injur\-, 
contained  blood.  Xo  vomiting.  General  condition  good.  Entrance  wound  about 
1  cm.  above  iliac  crest,  left  side,  and  5  cm.  behind  line  of  anterior  superior  iliac  spine. 
No  exit.  Admitted  base  hospital  April  11.  Still  requires  catheter.  Pulse  92; 
temperature  100°-102'.  Lower  quadrant  of  left  side  of  abdomen  dull,  tender,  and 
rigid.  X  rays :  nil.  Slight  fever.  April  14,  pulse  and  temperature  now  normal,  dull- 
ness in  flank  disappearing  ;  still  requires  catheter.  April  15,  urine  almost  clear. 
Patient  was  evacuated  to  England  a  few  days  later,  still  requiring  catheter. 

Case  39. — L.Cpl.  K.,  under  the  care  of  Major  McEwen.  Shrapnel  ball.  Hit 
April  9.  1917.  Multiple  wounds.  Two  in  back.  One  entrance  wound  in  left  lumbar 
region  just  below  ribs  and  about  two  inches  from  spine.  Exit  over  lower  ribs,  two 
finger-breadths  from  costal  margin  in  nipple  line.  Passed  blood  in  urine  day  after 
injury-.  Some  abdominal  pain  in  h\-pogastric  region.  Few  signs,  if  any,  in  renal 
region. 

Reconstructed  Track  of  Missile.— heft  kidney,  abdominal  cavity  in  region  of 
jejunum  and  stomach,  just  outside  left  edge  of  liver. 

April  26,  still  passing  blood.  April  28.  blood  had  disapp?ared.  but  a  little  pus 
and  some  albumin  were  found.  A  shrapnel  ball  (one  of  several  that  had  injured 
him)  was  removed  from  scrotum.  Cystoscoped,  April  30 :  ureteric  orifice  on 
affected  side  (left)  slightly  puffy.  Indigo-carmine  came  through  on  both  sides  in 
eighteen  minutes  under  ether  anaesthesia.  The  colour  was.  however,  deeper  on 
affected  side.  Specimen  from  right  side  :  acid.  sp.  gr.  1010,  trace  of  albumin,  no  pus, 
a  few  epithelial  cells,  a  few  streptococci.  Left  (affected)  side :  acid,  sp.  gr.  1005, 
cloudy,  albumin,  pus,  streptococci  a  small  bacillus  like  B.  infliienzce,  and  a  coli- 
like  bacillus. 

There  was  apparently  a  slightly  diminished  flow  on  affected  side.  Note  that  the 
specific  gravity  was  lower  on  affected  side,  but  the  colour  of  indigo-carmine  was  deeper. 

Case  40. — Pte.  P.,  under  the  care  of  Capt.  Swan.  Shell.  Wounded,  April  7, 
1917,  on  left  side.  An  hour  later,  passed  urine  mixed  with  blood.  Vomited  once. 
On  admission  to  base  hospital,  entrance  wound  between  eleventh  and  twelfth  ribs, 
8  cm.  from  mid-line,  left  side.  No  exit.  X  rays  show  large  piece  of  metal  lying  deep 
to  twelfth  rib,  6-3  cm.  from  back  and  7-4  cm.  from  left  side  of  body  of  first  lumbar 
vertebra.  The  fragment  was  IJ  cm.  in  length.  Twelfth  rib  fractured  about  middle. 
Patient  has  had  pain  for  four  or  five  days  in  left  hypochondrium.  On  April  17,  urine 
was  quite  clear.  Foreign  body  judged  to  be  in  left  kidney.  An  opaque  catheter 
would  have  been  valuable  here,  but  stress  of  work  in  the  hospital  did  not  permit. 
Probably  the  lower  part  of  pleural  cavity  and  the  diaphragm  were  involved.  Very 
little  rigidity  or  tenderness  in  abdomen.  Pain  on  coughing.  April  18,  report  on 
urine :  no  blood  cells,  a  verj'  few  pus  cells,  and  some  bladder  epithelium.  Evacuated 
to  England. 

Case  41  .—Pte.  T.  W.  E.,  under  the  care  of  Major  West.  Shell.  Wounded  April 
24,  1917.  Wound  left  side,  back  of  loin.  Arrived  at  base.  May  6.  May  7,  a  secondary 
haemorrhage  from  wound,  which  ceased.  Repeated  on  May  8.  Operation,  May  8. 
The  eleventh  and  twelfth  ribs  were  broken,  but  pleural  cavity  apparently  not  opened. 
(No  chest  signs  had  been  present.)  There  was  a  colostomy  opening  discharging  faeces 
into  wound.     Lower  pole  of  spleen  lacerated  and  sloughy.     Bleeding  was  seen  to 
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come  from  the  kidney,  the  lower  pole  of  which  had  stitches  in  it.  Kidney  removed. 
Before  operation,  clear  urine  was  drawn  from  the  bladder.  The  notes  of  this  patient 
were  lost  in  transit  between  the  clearing  station  and  the  base.  The  patient  died 
three  days  later  from  sepsis.  The  injury  to  the  kidney  was  confined  to  the  lower 
pole,  which  was  foul  and  sloughy. 

Case  42. — Sergt.  H.  F.  L.,  under  the  care  of  Major  West.  Shell.  Hit  Jan.  2, 
1917.  Entrance  wound,  left  side,  posterior  axillarv'  line.  Exit,  right  side,  mid- 
axillarj'  line,  just  above  crest  of  ilium.  Abdomen  soft.  Ha;maturia.  Paraplegia. 
Pulse  had  varied  from  100  to  120  during  first  twenty-four  hours.  Later,  came  down 
to  between  92  and  100.  Catheterized  everj^  six  hours.  Some  urethritis.  Cystitis. 
Jan.  8,  X  rays  showed  fracture  of  body  of  first  lumbar  vertebra.  Blood  present  in 
urine,  an  ounce  or  two  of  blood-clot  in  each  pint.  A  second  skiagram  showed  a  piece 
of  metal  on  left  side,  2i  inches  from  mid-line,  below  twelfth  rib,  probably  in  kidney. 
On  right  side  another  piece,  deep  in  muscles.  Also  fracture  of  second  lumbar  vertebra 
at  junction  of  pedicle  and  lamina  on  left  side.  Pieces  of  loose  bone.  In  region  of 
left  kidney,  a  deep  swelling.  Dullness  over  left  lower  ribs  below  axilla.  Jan.  ]3, 
much  vomiting  for  the  last  few  days.     Died,  Jan.  1,5. 

Post-mortem  made  by  Capt.  Henry. — Lower  half  of  first  lumbar  vertebra  and 
upper  half  of  second  lumbar  vertebra  in  region  of  transverse  processes  and  laminae 
have  been  smashed  by  missile,  which  has  passed  obliquely  through  the  bony  canal 
from  side  to  side,  tearing  dura  mater,  through  which  cauda  equina  is  prolapsed. 
Large  suppurating  hacmatoma  around  left  kidney.  Extensive  laceration  of  middle 
of  outer  border  of  left  kidney.     (See  Fig.  193.) 
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ILLUSTRATIONS    OF    WAR    SURGERY. 

{Continued  from  Vol.  iv,  page  63.) 

[Under  this  heading  we  propose  to  publish  during  the  War  a  series  of  drawings  illustrative 
of  military'  surgerj-  in  its  various  aspects.  The  British  Jocrxal  of  Surgery  is 
indebted  to  Surg.-Gen.  Sir  George  H.  Makins  and  Surg.-Gen.  Sir  Anthony  Bowlby  for 
their  help  in  the  selection  of  cases  and  for  their  clinical  remarks  on  certain  of  those  selected. 
The  notes,  supplied  by  various  officers  of  the  Royal  Army  Medical  Corps,  under  great 
pressure  of  work,  are  necessarily  brief.  The  drawings  have  been  made  by  artists 
specially  commissioned  for  the  purpose.] 

Bullet  Marks  upon  the  Skin  of  the  Abdominal  Wall :  with'^.a  Note  onj  the 
question  of  the  Heat  retained  by  the  Spent  Bullet  (By  Surg.-Gen. 
Sir  Gkorge  H.  Makins  and  Lielt.-Col.  Pinches.) 

The  drawing.  Fig.  200,  represents  appearances  seen  on  the  abdominal  wall 
of  the  umbilical  region  of  a  man  under  the  care  of  Lieut.  Fergusson. 


Fig.  200. 


The  history  of  the  case  was  as  follows  :  Three  days  before  admission  the 
patient  received  tAvo  shrapnel-case  wounds,  one  in  the  buttock,  the  second  in 
the  leg,  neither  of  them  being  severe. 
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He  fell  on  his  back  into  a  diteh,  and  while  lying  there  "  felt  a  sharp 
burning  pain  over  the  abdomen :  he  drew  up  his  shirt  and  removed  a 
bullet  from  between  it  and  the  skin.  The  bullet  was  not  hot  when  he 
touched  it." 

When  seen  on  the  third  day,  fiv^e  apparent  impressions  of  the  bullet 
were  discovered,  rosy-red  in  colour.  At  the  upper  end  of  the  broad  one 
a  scab  following  the  drying  up  of  a  vesicle  was  seen,  while  at  the  tip  of 
the  innermost  of  the  three  lower  impressions  a  vesicle  containing  serum 
was  still   present. 

The  drawing  has  been  made  from  a  sketch  depicting  the  exact  size  of  the 
*  burns,'    taken    at    the   time   by  Lieutenant-Colonel   Pinches,   who  was  then 

acting  as  my  A.D.C. 

The  illustration  bears  upon 
the  vexed  question  as  to  the 
temperature  of  a  recently-fired 
bullet.  I  have  occasionally  seen 
red  marks  suggesting  the  outline 
of  a  bullet  upon  the  body,  but 
have  never  met  with  a  case  in 
which  such  circumstantial  evi- 
dence was  offered.  Naturally, 
the  retention  of  a  spent  bullet 
between  the  skin  and  the  patient's 
clothing  is  a  rare  occurrence,  while 
if  such  bullets  are  met  with,  it  is 
usually  only  after  they  have  un- 
dergone the  cooling  process  of 
passing  through  the  body. 

The  evidence  must  be  accep- 
ted or  rejected  by  individual 
judgement,  the  appearances  pre- 
sented were  in  my  own  opinion 
those  of  a  burn,  and  I  see  no 
Vaki  jwwor^r^-i-swii^^^       reason  to  disbelieve   the    history 

of   its   occjirrence    given    by    the 
patient.     [Ref.  No.  199.] 

Fig.  201.— Represents  a  similar  case,  except  that  in  this  instance  the 
bullet  had  traversed  the  tissues.  This  patient  also  was  imder  the  care  of 
Lieutenant-Colonel  Pinches,  who  has  kindly  given  the  particulars.  The  bullet 
entered  in  the  eighth  intercostal  space  of  the  left  side  in  the  anterior  axillary 
line,  and  emerged  in  the  epigastrium.  The  patient  felt  something  burning 
him,  and  got  up  from  the  ground  ;  he  put  his  hand  under  his  shirt  and  removed 
a  bullet  from  above  the  pubes.  In  this  instance  also  the  outline  of  the  red 
mark  closely  corresponds  to  that  of  the  bullet,  and  it  is  difficult  to  believe 
that  it  does  not  correspond  with  the  primary  position  taken  up  by  the  spent 
bullet,     [lief.  No.  200. J 


Fig.  201. 
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Bomb  Wound  of  Face. 

The  drawing.  Fig.  202,  illustrates  an  extreme  instanee  of  '  fine  tattoo ' 
of  the  skin  of  the  faee  surrounding  a  wound  leading  down  to  a  fracture  of  the 
mandible.     The  patient  was  under  the  eare  of  Dr.  Kazanjian,  in  the  '  oral ' 


Fig.  20?. 


department,  where  the  fraeture  of  the  jaw  was  being  treated.  This  beautiful 
drawing  of  Mr.  Maxwell's,  taken  with  those  published  in  foregoing  numbers  of 
The  Journal  of  Surgery,  may  be  said  to  complete  the  depiction  of  the 
varying  degrees  of  minor  injuries  to  the' face  resulting  from  bomb  woiuids.* 

*  Vol.  iii.  Fig.  37,  p.  114  :    "  .\  patch  of  small  areas  sives  the  appearance  of  a  coarse 
'  tattoo.'  "     Fig.  85,  p.  267  :   Multiple  shell  wounds.     Fig.  167,  p.  503  :   Bomb  wound  of  faee. 
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A    CONTRIBUTION     TO     THE     PATHOLOGY    OF     PROJECTILE 
FRACTURE    OF    LIMB    BONES. 

By  Major  E.  K.  MARTIN,  R.A.M.C,  and  Captain  G.  F.  PETRIE,  R.A.M.C. 

Projectile  fractures  observed  during  this  war  have  created  new  problems, 
owing  partly  to  the  frequent  complexity  of  the  lesions,  and  partly  to  the  co- 
incident infection,  of  a  type  rarely  encountered  under  civil  conditions.  They 
have  given  far  greater  opportunities  than  have  occurred  hitherto  for  the  study 
of  the  interaction  of  bacteria  and  bone.  It  is  the  purpose  of  this  communica- 
tion to  illustrate  these  reactions  as  they  occur  during  the  first  six  weeks  after 
infliction  of  the  wound,  and  to  show  that  they  may  be  modified  not  merely  by 
morbid  changes  incidental  to  the  local  trauma,  but  by  circumstances  remote 
from  and  independent  of  the  primary  injury  to  the  bone.  These  conditions, 
whether  local  or  remote,  and  whether  acting  singly  or  in  combination,  tend  to 
produce  a  variety  of  types  of  infection,  ranging  from  the  unrestrained  bac- 
terial invasion  of  a  damaged  bone,  to  the  deviations  from  this  type  brought 
about  by  surgical  intervention.  In  the  absence  of  clear  conceptions  of  the 
progressive  changes  within  the  bone  which  lead  either  to  healing  or  to  a 
state  necessitating  radical  surgical  interference,  the  foundations  of  rational 
treatment  do  not  exist. 

The  material  on  which  this  paper  is  based  was  derived  from  thirty-two 
patients  at  a  base  hospital  in  France,  and  comprises  a  variety  of  infected 
fractures,  chiefly  of  the  cancellous  tissue,  but  also  of  the  shaft,  of  long  bones. 
The  cases  were  taken  at  random  as  opportunity  offered,  and  of  necessity 
include  a  considerable  proportion  which  were  not  on  the  road  to  recovery. 
In  addition  to  clinical  observ^ation  of  each  case,  the  fracture  and  adjacent 
soft  parts  were  dissected,  and  bacteriological  examinations  were  made  from 
serial  sections  of  the  bone.  The  results  have  shown  that  the  variables  con- 
tributing to  form  each  type  of  infected  fracture  are  such  as  to  make  it  desir- 
able to  accumulate  for  examination  a  sufficient  number  of  examples  to  allow 
of  a  grouping  of  the  cases  for  statistical  analysis.  The  importance  of  this  lies 
not  only  in  confirming  isolated  or  limited  findings,  but  in  tracing  the  stages 
through  which  infection  of  bone  passes,  and  in  attempting  to  correlate  clinical 
states  with  the  nature  and  degree  of  the  infection.  Although  the  observations 
recprded  here  do  not  altogether  reach  this  standard,  they  have  indicated 
certain  lines  along  which  the  problem  may  be  attacked,  and  have  led  to  a 
number  of  reasonably  definite  conclusions. 

The  scope  of  the  inquiry  is  indicated  in  the  following  scheme  : — 

I.  Mechanical  Accompaniments  of  Projectile  Fracture. 
Bruise. 

Fissure. 
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II.  Methods  of  Investigation. 
Nature  of  material. 
Details  of  technique. 
Recording  of  results. 

III.  Spread  of  Infection  from  Fracture. 

Varieties  of  bacteria  isolated  from  bone. 

Factors  influencing  penetration  of  bone  by  bacteria  : — 

Structural  and  anatomical  variety  of  bone. 

Extent  and  degree  of  injury. 

Types  of  bacteria. 

Infection  of  the  surrounding  soft  parts. 

Diminution  of  blood-supply. 

Surgical  treatment  of  wounds. 

Time. 

IV.  Extension  of  Infectign  along  Fissures. 
V.  Conclusions. 

I.   MECHANICAL    ACCOMPANIMENTS    OF    PROJECTILE    FRACTURE. 

The  varieties  of  projectile  fracture  are  so  well  known  that  formal  descrip- 
tion of  them  is  superfluous.  Two  features,  however,  stand  out  so  prominently 
as  to  repay  detailed  examination — namely,  the  bruise  which  invariably  accom- 
panies gunshot  injury  of  bone,  and  the  fissures  which  commonly  do  so. 

Bruise  of  Cancellous  Bone. — When  a  missile  strikes  cancellous  bone,  a 
bruise  is  produced  at  the  point  of  impact,  whether  the  outer  compact  layer 
is  broken  or  remains  intact.  Bruising  is  met  with  under  three  conditions  : 
(1)  Direct  bruise  round  the  track  of  a  penetrating  missile;  (2)  Direct  bruise 
without  penetration  ;  (3)  Indirect  or  contrecoup  bruise  in  the  same  or  an 
adjacent  bone. 

1.  Direct  Bruising  round  a  Missile. — Examples  are  shown  in  Figs.  203, 
204.  and  205.  In  Fig.  203,  the  periosteum  has  been  removed  from  the  back 
of  the  tibia  to  show  the  bluish  appearance  of  the  bruise  as  seen  through 
compact  bone.  The  articular  cartilage  is  stained  by  the  blood  in  the  joint 
except  at  the  site  of  the  bruise.  In  the  transverse  section  of  the  same  tibia, 
taken  immediately  below  the  embedded  shrapnel  ball,  the  characteristics  of  a 
typical  bruise  are  seen — the  dark-red  colour  of  the  effused  blood  filling  the 
cancellous  spaces,  the  outline  concentric  with  the  foreign  body,  and  the  sharp 
line  of  demarcation,  broken  only  by  a  slight  tendency  to  radiation  at  the 
jimction  with  the  normal  bone.  This  bruise  was  sterile  on  culture,  and  the 
whole  specimen  demonstrates  the  type  colours  of  a  recent  aseptic  trauma. 

Fig.  205  represents  a  horizontal  transverse  section  of  one  femoral  condyle 
from  a  resection  of  the  knee-joint  for  multiple  shell-wounds.  The  joint  con- 
tained a  sterile  blood-effusion.  The  figure  shows  clearly  the  sharp  limitation 
of  the  bruise  concentric  with  the  shell  fragment,  and  the  characteristic  absence 
of  fissures  radiating  from  the  shell  site.  Several  such  bruises  have  been  exam- 
ined under  a  dissecting  microscope,  and  the  absence  of  even  the  smallest  cracks 
in  the  trabecvila;  confirmed. 
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Fig.  203. — Upper  end  of  tibia  from  behind,  showing  bluish  appearance  of  bruised 
cancellous  bone  as  seen  on  the  surface  after  removal  of  periosteum.  A,  Entry  wound.  B, 
Shrapnel  ball. 


^ 


Fig.  204. — Transverse  section   of  same  tibia  immediately  below  shrapnel  ball,  showing 
appearance  of  aseptic  bruise  two  days  after  injury. 
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Figs.  206  and  207  show  the  extent  of  the  bruising  up  the  shaft  from  a 
penetrating  wound  of  the  femoral  condyle  accompanied  by  fissuring. 

Fig.  208  {Case  12)  shows  a  bruise  which  was  produced  by  a  minimal 
tangential  blow.  The  articular  cartilage  was  chipped,  but  the  subjacent 
compact  layer  of  bone  was  not  even  cracked. 

The  colour  of  a  bruise  fades  rapidly  on  exposure  to  the  air  or  immersion 
in  water.  During  an  operation,  an  underlying  bruise  is  easily  recognized  by 
the  bluish  colour  on  the  surface  of  the  overlying  bone  or  articular  cartilage. 
When  exposed,  it  is  a  much  darker  red  than  normal  cancellous  tissue. 

2.  Direct  Bruising  zcithout  Penetration. — Direct  bruising  of  the  condyles 
of  the  femur  without  fracture  has  been  found  associated  with  extensive  flesh 
wounds  where  large  shell-fragments  of 

low  velocity  have  opened  the  knee- 
joint  and  necessitated  amputation  for 
suppurative  arthritis. 

3.  Indirect  or  Contrecoup  Bruising 
in  the  Same  or  an  Adjacent  Bone. — 
Fig.  209  shows  a  direct  and  indirect 
bruise  in  the  same  bone.  &  is  the 
direct  bruise  round  the  fracture,  separ- 
ated by  a  zone  of  undamaged  bont 
from  Z2,  the  indirect  bruise  produced 
by  impact  of  the  head  of  the  humerus 
against  the  scapula. 

Fig.  211  shows  the  extent  of  an 
indirect  bruise  which  was  produced  in 
an  otherwise  uninjured  tibia  as  a  con- 
trecoup effect  from  a  fracture  of  the 
lower  end  of  the  femur  {Fig.  210). 
This  bruise  showed  on  the  upper  sur- 
face of  the  tibia  as  a  bluish  discolora- 
tion round  the  spine,  but  no  crack  of 
the  latter  or  of  the  articular  cartilage 
existed. 

Bruising   of  the  marrow   of  the 
shaft  similarly  accompanies  fracture.    Owing  to  the  thickness  of  the  surroxmd- 
ing  compact  layer,  it  can  only  be  seen  on  section.     Where  fissures  exist,  the 
bruising  always  extends  up  to,  and  may  extend  beyond,  their  limits. 

Fissures.- — These  are  found  in  both  the  compact  bone  of  the  shaft  and 
the  cancellous  bone  of  the  extremities,  though  much  more  commonly  in  the 
former.  They  can,  in  fact,  be  considered  as  a  regular  accompaniment  of 
comminution,  and  frequently  extend  for  long  distances — 10  cm.  or  more— up 
and  down  the  shaft  from  the  point  of  primary  injury,  or  from  the  site  of  an 
embedded  foreign  body  which  has  not  produced  a  complete  fracture. 

Fissures  are  of  two  kinds — those  which  remain  open,  and  those  whose 
walls  spring  back  into  apposition  as  soon  as  the  force  of  the  blow  is  exhausted. 
The  latter  are  found  only  in  the  elastic  compact  bone  of  the  shaft,  and  unite 


Fig.  205. — Section  of  femoral  condyle 
with  embedded  shell -fragment,  showing 
bruise  without  fis.suring ;  day  following 
injury. 
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without  incident,  in  contrast  with  the  open  fissures,  which  play  an  important 
part  in  spreading  infection.  They  may  be  due  either  to  the  direct  effect  of  the 
missile  itself,  in  which  case  the  fissure  commences  in  the  fracture  and  ends 
blindly  in  the  bone,  or  to  the  indirect  effect  of  the  fall  or  muscle-twitch  which 
follows  the  mechanical  stimulus.  In  the  latter  case  the  fissure  does  not  com- 
municate at  any  point  with  the  original  bone  wound,  and  is  apt  to  assume  the 


•^ 


Fig.  2(M>. — Lower  end  of  femur  removed 
by  amputation  48  hours  after  injury.  Em- 
bedded shell-fragment,  with  surrounding 
fissures. 


Fig.  207. — Longitudinal  section  of  femur 
shown  in  Fig.  206.  Ext«nt  of  correspond- 
ing bruise. 


spiral  form  associated  with  simple  fracture;  it  is,  in  fact,  a  minor  degree  of 
the  indirect  complete  fracture  which  not  uncommonly  accompanies  direct 
partial  fracture  of  another  part  of  the  bone,  or  occasionally  may  even  be 
associated  with  a  simple  flesh  wound  of  the  limb. 

All   fissures    in   cancellous    hone    behave    as    open  fissures.      Apart   from 
extreme  comminution  they  do  not  often  occur,  unless  prolonged  from  the 
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shaft,  or  unless  a  projecting  portion  of  cancellous  tissue  is  separated  from  the 
main  bone  by  a  perforating  injiin\ 

As  a  rule,  a  missile  which  penetrates  the  articular  end  of  a  bone,  and 
remains  embedded,  cuts  a  tunnel  but  very  little  larger  than  itself,  and  comes 
to  rest  in  a  closely-fitting  bed  of  bruised  bone  {Fig.  205).  If  a  longitudinal 
section  of  such  a  tunnel  is  examined  under  a  low  ix)wer  of  a  stereoscopic 
dissecting  microscope  after  removal  of  the  debris  with  which  it  is  filled,  the  wall 
is  seen  to  be  sharply  defined,  the  trabeculse  lining  it  being  flattened  by  the 
pressure  of  the  missile,  while  those  in  the  immediate  neighbourhood  show  na 
disturbance. 


II.   METHODS  OF  INVESTIGATION. 

Nature  of  MateriaL — There  are  three  sources  from  which  material  can 
be  obtained:  (1)  Fragments  of  bone  removed  at  operation;  (2)  Amputated 
limbs  ;    (3)  Autopsy. 

1.  Fragments  of  Bone  Removed 
AT  Operation. — {a)  Small  Fragments  : 
Cultures  from  bones  were  never  made 
at  operation,  on  account  of  the  diffi- 
culty of  carrying  out  an  adequate 
bacteriological  technique,  and  of  the 
uncertainty  of  reaching  the  limits  of 
infection  in  a  living  bone.  (6)  Large 
Fragments:  The  jxjrtions  of  bone  re- 
moved in  the  resection  of  joints  were 
found  suitable  for  studying  the  spread 
of  infection  in  cancellous  tissue. 

2.  Amputated  Limbs,  —  These 
were  chosen  as  the  principal  source 
of  material,  for  two  reasons  :  {a)  Be- 
cause they  are  the  most  accessible 
source  <  f  fresh  material ;  (b)  Because 
it  seemed  probable  that  from  them 
the  processes  at  work  in  bones  which 
ultimately  luiite  might  be  recon- 
structed. 

In  order  to  obtain  trustworthy 
data  from  the  bacteriological  examination  of  bones,  it  is  essential  that  they 
should  be  examined  immediately ;  or  if  this  is  impracticable,  that  steps  should 
be  taken  to  inhibit  the  growth  of  organisms  which  always  follows  the  removal 
of  any  tissue  from  the  body,  and  which  makes  it  impossible  to  draw  valid 
conclusions  as  to  the  conditions  obtaming  at  the  time  of  amputation.  Post- 
mortem groM-th  is  illustrated  by  Cases  1,  2,  and  3,  Appendix  I.* 

3.  Bones  Removed  at  Autopsy. — In  consequence  of  the  liability  to  post- 


FiG  208. — C(ue  12.  Coronal  section  of 
astragalus  from  amputation  ;  24  days  after 
injury.  Bruise  from  minimal  wound  of  articu- 
lar cartilage  without  fracture  of  bone. 


*  In  order  to  avoid  undue  interruption  of  the  narrative,  detailed  accounts  of  some  of 
the  cases  have  been  collected  in  Appendix  I,  p.  328. 
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mortem  growth,  investigation  of  bone  removed  at  autopsy  has  been  confined 
to  two  cases  in  which  no  delay  occurred  in  obtaining  the  material.  Even  if 
the  material  is  taken  immediately  after  death,  the  results  do  not  necessarily 
correspond  to  those  found  in  patients  who  ultimately  recover ;  for  where 
death  is  preceded  by  a  gradual  failure  of  the  circulation,  bacteria  may  grow 
as  saprophytes  throughout  the  bone  during  the  terminal  phase  of  the  illness. 
In  such  a  case  the  bacterial  invasion  is  in  reality  a  post-mortem  phenomenon 
occurring  during  life  (see  Cases  4  and  5,  Appendix  1). 


Z2 


Details   of   Technique. 

Procedure  at  Operation. — Under  the  anaesthetic  a  swab  is  taken  from  the 
wound  as  close  to  the  fracture  as  possible  ;  10  c.c.  of  blood  are  withdrawn 
from  a  vein  for  cultural  purposes  ;  and  if  a  joint  is  involved,  a  sample  of  the 
effusion  is  obtained  by  pimcture  away 
from  the  wound,  after  sterilization  of 
the  skin.  The  bone  when  removed  is 
rapidly  cleaned  aixd  put  into  ice,  in 
which  it  remains  until  all  preparations 
for  investigation  are  complete. 

Technique  of  Taking  Bone  Cul- 
tures.— After  making  a  smear  from 
the  fracture,  the  whole  bone  is  flamed 
with  a  blowpipe,  and  fixed  in  a  vice 
which  has  previously  been  sterilized 
in  the  same  way.  Transverse  sec- 
tions are  then  made  at  measured 
intervals*  with  a  flamed  hack-saw, 
commencing  at  the  end  away  from 
the  fractTire.  The  face  of  the  section 
from  which  cidtures  are  to  be  made  is 
lightly  seared,  and  pieces  are  scooped 
out  with  a  dry  sterile  gouge.  Before 
each  successive  transverse  section,  the 
bone  and  vice  are  lightly  heated 
again  with  the  blowpipe  or  searing 
iron. 

Each  of  the  fragments  removed  by  the  gouge  is  about  the  size  of  a  pea. 
One  is  inoculated  into  a  serum-broth  tube,  for  aerobic  cultivation  ;  the  other 
into  a  short,  stout  culture  tube  containing  broth,  fitted  with  a  solid  glass  rod 
flattened  at  the  lower  end  for  the  purpose  of  grinding  up  the  bone  fragment 
as  far  as  possible  ;  from  this  sxispension  anaerobic  cultures  are  prepared,  and 
the  tube  itself  is  also  incubated  as  a  control  upon  the  aerobic  cultures.  An- 
aerobic cultures  are  made  into  tubes  of  broth  and  milk  media  covered  with  a 
layer  of  liquid  paraffin.     The  broth  tubes  contain  small  pieces  of  coagulated 


Z? 


Fig.  209. — Section  of  head  of  humeriLs 
removed  by  resection  5  days  after  injury.  Z', 
Direct  bruise  extending  from  fracture.  Z*, 
Indirect  bruise  from  shock  against  scapula. 


*  Unless  sections  are  taken  at  frequent  and  regular  intervals  throughout  the  bone,  the 
imit  of  infection  cannot  be  determined  with  accuracy.  Experience  has  shown  that  an 
interval  of  2  cm.  is  the  most  suitable. 
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white  of  egg  to  indicate  the  presence  of  proteohi:ic  anaerobes.  If  marked 
proteolysis  occurs,  a  subculture  is  made  into  the  same  egg-broth  medium 
grown  aerobically,  to  test  whether  the  digestive  action  may  not  be  due  to 
facultative  anaerobes.  The  flora  of  the  aerobic  and  anaerobic  cultures  are 
compared  by  making  fresh  and  stained  preparations,  and  by  plating  on  serum 
agar  and  MacConkey  agar.  The  aerobic  colonies  are  picked  off  and  identified. 
Comparison  of  the  aerobic  and  anaerobic  growths  makes  it  |K)ssible  to  deter- 
mine the  presence  of  strict  anaerobes.  Anaerobes,  when  present  in  the  bone 
fragment  implanted  in  the  primary'  aerobic  broth-culture,  arc  frequently  found 
to  have  grown  freely,  especially  in  mixed  cultures,  their  growth  being  aided 


Fig.  210. 


Fig.   211. 

Fig.  210. — Shell  fracture  of  lower 
end  of  femur. 

Fig.  21 1. ^Indirect  or  contrecoup 
bruL'^  of  iipjjer  end  of  tibia  without 
fracture.  Produced  by  blow  on  femur 
shown  in  Fig.  210.     Sterile  on  culture. 


by  the  layer  of  bone  fat  which  forms  on  the  surface.  The  complete  identifica- 
tion of  anaerobes  was  not  undertaken,  but  the  presence  of  B.  perfringens  was 
noted  when  the  anaerobic  milk-cultures  presented  the  typical  appearance  of 
'stormy  fermentation  " — that  is,  a  clot  of  casein  torn  up  by  gas — and  when,  in 
such  a  culture,  stout  Gram-positive,  non-motile,  non-sporing,  anaerobic  bacilli 
were  found. 

AVhere  necessary,  smears  of  the  bone  samples  are  taken  for  microscopical 
examination. 

There  are  two  possible  sources  of  error  in  the  technique  :  (1)  Overheating 
of  the  bone  ;   (2)  Contamination  by  bone  dust  from  the  saw. 

1.  To  check  overheating,  a  thermometer  was  placed  in  a  tibia,  and  the 
bone  flamed  with  considerably  more  vigour  than  that  necessary  to  ensure 


300        THE    BRITISH    JOURNAL    OF    SURGERY 

surface  sterilization.  The  thermometer  rose  from  17-5°  C.  to  26*5°  C.  In 
practice  there  has  been  no  reason  to  suspect  any  error  from  this  source. 

2.  Contamination  is  guarded  against  by  making  transverse  instead  of 
longitudinal  sections,  by  commencing  at  the  end  farthest  from  the  woimd  and 
therefore  the  least  heavily  infected,  by  searing  each  surface  immediately  before 
taking  the  scoop,  and  by  flaming  bone  and  vice  between  successive  sawings. 
In  the  earlier  cases  sterile  liquid  paraffin  was  allowed  to  drip  on  to  the  saw- 
blade;  this  had  the  effect  of  greatly  diminishing  the  dust,  and  causing  it  to 
adhere  to  anything  it  touched,  but  was  afterwards  discarded  as  superfluous. 

In  spite  of  the  refractory  nature  of  the  material  examined,  accidental 
contaminations  were  met  with  in  only  6  per  cent  of  the  aerobic  cultures.  As 
a  rule  these  could  easily  be  recognized  as  such,  and  in  practice  did  not  hamper 
the  deductions  which  could  be  drawn  from  the  cultural  results. 

Controls. — Cultures  were  taken  from  the  blood,  and,  where  possible,  from 
uninjured  bone,  for  the  reason  that  in  an  established  streptococcal  septicaemia 
the  organism  present  in  the  blood  can  be  recovered  both  from  uninjured  bone 
and  from  the  damaged  bone  beyond  the  limits  of  local  penetration. 

The  room  in  which  the  investigations  were  carried  out  was  on  a  medical 
floor,  and  had  never  been  used  as  a  surgical  ward  ;  aerial  contamination  of  the 
cultures  by  pyogenic  organisms  derived  from  septic  wounds  can  therefore  be 
excluded. 

Recording  of  Results. — ^After  taking  samples  for  culture,  each  section 
of  bone  is  put  aside  in  order,  and  from  these  a  diagram  is  reconstructed  to 
scale  later.  It  is  important  to  preserve  these  sections  for  future  reference, 
and  to  clean  them  thoroughly  in  order  to  trace  minute  fissures  concealed  by 
the  periosteum  and  to  obtain  more  precise  measurements. 

The  following  method  has  been  found  useful  for  rapidly  cleaning  sections 
of  bone  in  order  to  study  points  of  detail  :  Remove  soft  parts,  and  place  in 
50  per  cent  liquor  soda;  chlorinata*  (B.P.)  for  twelve  hours.  Immerse  in  water 
at  80°  C.  for  fifteen  minutes.  Replace  in  liquor  soda;  chlorinata*  for  two  periods 
of  half  an  hour  each,  with  alternate  washings  in  water  at  80°  C.  Bleach  in 
lioOo  for  twenty-four  to  forty-eight  hours.   Immerse  in  rectified  spirit,  and  dry. 

Each  transverse  section  is  traced  on  a  glass  plate,  from  which  the  tracing 
is  transferred  to  paper,  and  a  note  is  made  of  the  colour  and  appearance  of 
the  bone  at  the  level  of  section.  Bruising  is  indicated  on  the  diagram  by 
darker  stippling.  The  levels  of  section  are  numbered  in  sequence  away  from 
the  fracture  for  convenience  of  reference,  although  they  are  actually  cut  in 
the  reverse  order  (see  Technique). 

The  direction,  up  or  down,  of  each  bacteriological  sample  is  indicated  on 
the  diagram  representing  the  whole  bone,  its  size  and  position  being  defined 
by  the  tracing. 

A  centimetre  scale  is  attached  to  the  diagrams,  but  owing  to  an  obliquity 
of  some  of  the  sections,  which  has  not  been  reproduced,  and  to  the  difficulty 
of  estimating  the  depth  of  each  scoop,  there  is  an  occasional  error  of  a  fraction 
of  a  centimetre  in  the  distance  of  a  sample  from  the  fracture.  For  the  sake  of 
uniformity  this  has  been  neglected,  and  measurements  have  been  given  to  a 
millimetre  in  all  cases. 
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The  bacteriological  findings  are  represented  by  the  following  conventional 

s  : — 

n\ 


Growth    resulting    from  Growth  of  septicaemic  Sterile, 

direct  penetration  of  organ-  origin. 

isms  from  the  fracture. 

Other  conventional  signs  used  are  :  A  =  Main  fracture.  Ai  =  Fissure 
extending  from  main  fracture.     B  =  Foreign  body. 

For  the  permanent  recording  of  colour,  the  most  suitable  medium  is  a 
good  water-colour  sketch.  This  must  be  made  as  quickly  as  possible,  on 
account  of  the  rapidity  with  which  the  colours  of  fresh  bone  change.  The 
Kaiserling  method,  in  our  experience,  has  the  limited  advantage  of  differen- 
tiating bruised  from  normal  bone,  but  has  proved  inadequate  to  preserve  the 
natural  colours.  Klotz  and  Maclachlan's  modification  of  the  Jores  method 
gives  better  results.* 

HI.   SPREAD   OF    INFECTION   FROM   THE  FRACTURE. 

Within  the  time  limits  of  this  investigation — that  is,  the  first  six  weeks 
after  infliction  of  the  woimd — infection  of  bone  is  met  with  in  two  forms, 
penetration  by  organisms  without  suppuration,  and  spreading  suppurative 
osteomyelitis.  For  this  reason  the  term  infection  is  used  in  this  pa}x*r  to 
imply  the  presence  of  bacteria  in  bone  as  demonstrated  by  culture,  without 
reference  to  their  fate  or  to  the  reactions  they  excite.  Since  pathological 
states  intermediate  between  these  two  stages  of  infection  have  not  been 
observed,  we  have  employed  the  term  penetration  to  signify  a  demonstrable 
progression  of  bacteria  through  bone  away  from  a  fracture.  The  term  does 
not  imply  the  co-existence  of  inflammation. 

Penetration  has  proved  to  be  the  chief  manifestation  of  infection  in  the 
material  examined,  to  the  extent  that  only  one  instance  {Case  22)  of  spreading 
suppurative  osteomyelitis  has  been  met  with  out  of  37  bones  investigated. 
The  rarity  of  suppurative  osteomyelitis  is  due  to  the  fact  that  the  missile- itself 
establishes  some  drainage  of  the  bone  simultaneously  with  the  implantation 
of  the  infective  agent — that  is,  the  infection  is  from  the  first  an  open  one,  in 
contrast  with  the  closed  infection  of  osteomyelitis  as  met  with  in  civil  experience. 

Varieties  of  Bacteria  Isolated  from  Bone. — With  few  exceptions,  the 
bacteria  isolated  from  freshly  examined  material  fall  into  four  groups,  strepto- 
cocci, staphylococci,  anaerobic  bacteria,  and  coliform  bacilli.  The  frequency 
of  occurrence  of  these  groups  is  shown  in  Table  1 ,  in  which  also  will  be  foimd 
data  relating  to  the  bacterial  content  of  wounds  and  of  joints  during  a 
comparable  period  of  their  surgical  history.  The  figures  for  wounds  have 
been  reduced  from  data  published  by  Captain  A.  Fleming  ("  On  the  Bacteri- 
ology of  Septic  Wounds,"  Lancet,  September  18,  1915). 

*  Adami  and  Judah,  International  Association  of  Medical  Museums,   Bull,  v, 

June  1,  1915. 
VOL.  v.— NO.  18.  22 
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Table  1. — Showing    thk    Frequency    of  Occurrence  of   Bacterial 

Groups   in  Bones,    Wounds,  and    Joints,  expressed  as 

Percentages  (Actual  Numbers  in  Brackets). 


Infection 

Bonks 

WOUNDS  {Fleming) 

JOINTS 

Streptococcus . . 
Staphylococcus 
Anaerobes 
B.  coli 

33-6  (36) 
23-3  (25) 
23-3  (25) 
19-6  (21) 

35-4  (177) 
150     (75) 
34-6  (173) 
14-8     (74) 

55-5  (15) 

25-8     (7) 

7-4     (2) 

111     (3) 

Totals 

100      (107) 

100      (499) 

100      (27) 

Table  2. — Giving  Details  of  the  Source  of  Bacteria  Isolated  from  the 
Material  Analysed  in  Table  1. 


Source 

Streptococcus 

Staphylococcus 

anaerobes 

B.  COLI 

Femur 

8  bones  gave 

15 

4  bones  gave  6 

6  bones  gave  12 

5   bones    gave 

cultures 

cultures 

cultures 

13  cultures 

Tibia . . 

5  bones  gave 

16 

5  bones  gave  8 

5  bones  gave  7 

3   bones    gave 

cultures 

cultures 

culture!^ 

4  cultures 

Fibula 

— 

1    bone    gave  1 
culture 

. 

1     bone     gave 
1   culture 

Os  calcis 

— 

— 

1    bone   gave   2 
cultures 

— 

Humerus 

1    bone   gave 

2 

3  bones  gave  3 

2  bones  gave  2 

1     bone     gave 

cultures 

cultures 

cultures 

1  culture 

Radius 

— 

2  bones  gave  4 

1   bone   gave   1 

1     bone     gave 

cultures 

culture 

1  culture 

Ulna  . . 

1    bone   gave 

3 

2  bones  gave  3 

1    bone   gave    1 

1     bone    gave 

cultures 

cultures 

culture 

1  culture 

Note  on  Tables  1  and  2. — ^The  cultures  from  bones  were  derived  from  59  samples 
taken  from  29  bones  (19  patients)  giving  a  pure  or  mixed  growth.  The  29  bones 
examined  were  :  femur,  10  :  tibia,  7  ;  fibula,  2  ;  os  calcis,  1  ;  humerus,  4  ;  radius, 
2  ;  ulna,  3.  The  material  was  in  every  case  removed  at  operation  and  examined 
fresh,  and  does  not  include  specimens  from  cases  of  streptococcal  septicaemia. 

The  results  for  joints  include  only  those  cases  in  which  not  more  than  two 
bacterial  varieties  were  isolated,  since  mixed  growths  similar  to  those  found  in  septic  ^ 
wounds  are  usually  obtained  from  cases  of  extensive  injury  where  the  joint  forms 
part  of  the  primary  wound,  and  where  consequently  there  is  no  question  of  selection 
of  the  originally  implanted  bacteria. 

Reviewing  these  results,  it  would  seem  that  selection  of  the  soil  bacteria 
inoculated  at  the  time  of  entrance  of  the  missile  takes  place  in  the  tissues, 
the  process  of  selection  affecting  particularly  the  group  of  anaerobes.  Thus, 
in  wounds  providing  a  nidus  for  growth  of  micro-organisms  in  muscle,  an- 
aerobes form  a  large  proportion  of  the  bacterial  contribution,  the  proportion 
decreasing  in  bones,  and  still  more  so  in  joints.  It  may  be  that  in  the  case 
of  joints  the  suitability  of  the  effusion  as  a  culture  medium  is  an  additional 
factor  determining  the  selection.  These  considerations  are  essential  to  the 
study  of  the  sequence  of  infection  in  cases  of  fracture  involving  joints. 
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It  has  already  been  noted,  and  the  point  deserves  emphasis,  that  in  cases 
of  streptococcal  septicjrmia,  the  streptococcus  can  be  isolated  froni  fractured 
bones  beyond  the  limit  of  local  penetration,  and  even  from  uninjured  bones. 
A  partial  examination  without  a  blood-culture  control,  made  in  ignorance  of 
this  fact,  might  easily  lead  to  erroneous  interpretations  regarding  the  spread 
of  infection.  It  is  naturally  difficult  to  decide  whether  the  streptococcus  in 
these  cases  merely  resides  in  the  blood-vessels  of  the  bone  marrow,  or  whether 
in  addition  some  local  multiplication  in  the  perivascular  tissue  has  taken  place. 
The  constancy  with  which  positive  cultures  are  obtained  renders  possible 
the  latter  supposition  (see  Case  13,  and  Cases  5,  15,  16,  Appendix  I).  The 
results  obtained  in  Case  15  suggest  that,  in  spite  of  general  septica'mic  inva- 
sion of  a  bone,  a  progressive  extension  of  streptococcal  infection  from  the 
site  of  injury  is  demonstrable  from  the  number  of  positive  cultivations  in  a 
variety  of  media,  dependent  on  the  number  of  cocci  present  in  the  material 
implanted  in  the  culture  tubes.  The  culture  results  in  this  case  are  tabulated 
below. 


Table  3. — Case 

15  (Fig.  236). 

GROWTH     IN' 

TAKKX     FOR 

?iTr.\Tio.\  Uklativk  to  FRACTURK 

.-^^ 

^\ 

CULTURE 

AKROBIC 

ANAEROBIC 

ANAEROBIC 

BROTH 

BROTH 

MmK 

Femur  1 

Lower  fragment  :  in  fissured 

portion 

+ 

-1- 

_!. 

2 

I>ower  fragment  :  at  limit  of 
fissure 

+ 

+ 

+ 

3 

Lower    fragment  :     2-1    cm. 
bevond  fissure 

+ 

0 

+ 

,.        4 

Lower    fragment  :    7-8    cm. 
bevond  fissure 

+ 

0 

0 

5 

Upper  fragment  :      3-4  cm. 
from  fracture 

-F 

0 

0 

+    =  Growth  of  streptococcus. 

The  B.  pyocyaneus  and  B.  proteus  were  not  often  encoimtered,  the  former 
having  been  foiuid  in  only  3  samples  out  of  112  yielding  cultures  (2-6  per  cent) 
— see  Case  17  ;  and  the  latter  in  2  out  of  112  samples  (1-7  per  cent) — see 
Case  14. 

From  two  bones  in  which  necrosed  comminuted  cancellous  tissue  was 
present  on  the  surface  of  the  fracture,  a  nimiber  of  aerobic  bacteria,  probably 
associated  with  putrefaction,  and  giving  unfamiliar  reactions,  were  isolated. 
As  this  phase  of  infection  is  not  typical  of  the  series  of  cases  investigated,  an 
account  of  the  bacteriological  findings  need  not  be  given.* 

Examples  of  Penetration  through  Normal  Bone.  — The  simplest  con- 
ditions under  which  penetration  of  bone  can  be  studied  are  those  obtaining 
at   the   end   of  an   open   amputation   stump   where   the    patient  is  in  good 


♦Notes  on  the  cultural  reactions  of  staphylococci  and  B.  coli  isolated  from  bone  will 
be  found  in  Appendix  II. 
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condition,   the  trauma  confined  to  the  actual  surface  of  section,  the  blood- 
supply    intact,    and    the    infection    limited    to 
A  the    ordinary    pyogenic    organisms    fomid    in 

wounds. 


Fig.  213. 


Fig.  214. 


Fig.  212. 

Fig.  212. — Case  7.  Tibia  from  flaple.ss  amputation  exposed  to  infection  about  10  days. 
Organisms  confined  to  cut  surface.  Gutter  wound  of  anterior  aspect  of  upper  end  has 
allowed  penetration  of  organisms  to  2  cm. 

Fig.  213. — Case  7.     Transverse  section  of  tibia  at  level  of  (1),  (2),  (3).     A,  Fracture. 

Fig.  214. — Case  7.  Fibula  from  flapless  amputation  exposed  to  infection  for  about  10 
days.     Organisms  confined  to  cut  surface. 


Table  A:.— Case  7. 


SPECLME.V    TAKEN    FOR 
CULTL'RK 

DISTANX'E 

FROM  Lesion 

AEROBIC  KACTEKIA* 

ANAEROBIC  Bacteria* 

Tibia     1      .. 

0-5  cm. 

C  Streptococcus 
\  Staphj  lococcus 
(Yeast 

+    (including  B. 
perfringens) 

2 

20     „ 

Streptococcus 

0 

3       .. 

4-5     „ 

0 

0 

4       .. 

2-5     „ 

0 
j  Streptococcus 

0 

n 

'  Staphylococcus 

+    (including  B. 

j  B.  mycoides 

(Yeast 

perjriugens) 

„         C       .. 

1-5  cm. 

0 

0 

7       .  . 

3-5     ., 

0 

0 

Fibula  1      . . 

Surface 

Staphylococcus 

— 

2      .. 

20  cm. 

0 

— 

:i      .. 

41     „ 

0 

— 

4      . . 

6-5     „ 

0 

— 

Knee-joint     at    am- 

Streptococcus 

0 

putation 

Blood  from  vein  at 

0 

— 

amputation 

Exposure  of  bone  to  sepsis. — About  10  days. 

Amputation. — ^June  2,  1916,  11.20  p.m. 

First  culture  taken  from  bone. — June  3,  12.40  a.m. 

Last  culture  taken  from  bone. — .June  3,  2..5  a.m. 

Order  of  cultures.— Fibula  :    1,  2,  3,  4.     Tibia  :   3,  2,  1 ,  4,  7,  6, 


*  In  this  and  the  following  tables,  +  =  Growth  of  anaerobes  ;    0  =  Absence 
of  growth  ;    —  =  Culture  not  made. 
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Case  7. — Lieut.  A.,  age  25.     [Ref.  \o,  202.] 

Lesion. — Gutter  of  articular  border  of  tibia,  involving  knee-joint. 

Clinical  Histon/. — Flapless  amputation  12  cm.  below  knee-joint  at  casualty 
clearing  station  for  bomb  wounds  of  leg.  Re-amputation  above  knee  at  base  hospital 
for  streptococcal  arthritis  of  knee  (Figs.  212,  213,  214). 

These  bones  show  that  in  amputation  through  normal  shaft  imder  the 
simplest  conditions,  organisms  do  not  penetrate  far  below  the  surface.  The 
invaded  bone  is,  however,  softened,  and  this  process  of  penetration  by  organ- 
isms is  possibly  associated  with  the  formation  of  the  superficial  sequestrum 
which  frequently  separates  at  a  later  date.  (See  Case  6,'  Appendix  I,  for 
similar  conditions  in  cancellous  tissue,  and  Ca.9e  8,  Appendix  I,  in  which  the 
conditions  as  regards  the  bone  were  identical,  but  in  which  drainage  of  the 
soft  parts  was  not  sufficiently  free  to  allow  of  saving  the  limb.) 

FACTORS    INFLUENCING   PENETRATION    OF    BONE    BY    BACTERIA. 

Analysis  of  the  material  examined  shows  that  a  number  of  factors 
operate  to  influence  the  process  of  penetration,  and  that  they  arc  frequently 
found  in  varying  combinations.  The  discussion  of  the  factors  which  have 
been  kept  in  view  as  possibly  influencing  penetration  is  arranged  as  follows  : — 

1.  Structural  and  anatomical  variety  of  bone. 

2.  Extent  and  degree  of  injury. 

3.  Types  of  bacteria. 

4.  Infection  of  the  surrounding  soft  parts. 

5.  Diminution  of  blood-supply  : 

a.  Local  :   Interruption  of  the  main  artery  of  the  limb  ;  Interruption 

of  the  chief  artery  to  the  bone  ;  Interruption  of  the  medullary 
artery  at  the  site  of  fracture. 

b.  General :  Death  ;  Haemorrhage  following  operation  ;  and  Secondary 

hjemorrhage. 

6.  Surgical  treatment  of  woimds. 

a.  Penetration  in  fracture  with  untreated  bone:  Early  ;     and  Late. 

b.  Penetration    with    obstruction    of     drainage :    (i)    Influence    on 

penetration  of  inadequate  drainage  of  soft  parts  ;  (ii)  Influence 
on  penetration  of  inadequate  drainage  of  bone. 

c.  Penetration  in  presence  of  imdrained  fissure. 

d.  Penetration  in  well-drained  bone  with  reinforcement  of  sepsis  from 

the  soft  parts. 

e.  Absence  of  penetration  with  free  drainage  of  bone  and  soft  parts. 

7.  Time. 

1.  Influence   of   the   Structural   and   Anatomical  Variety    of  Bone. — 

We  have  foiuid  no  evidence  that  the  marrow  of  the  shaft  differs  materially  in 
its  reaction  to  penetration  from  the  cancellous  bone  of  the  articular  ends,  nor 
has  any  difference  been  noted  between  individual  bones. 

2.  Influence  of  the  Extent  and  Degree  of  Injury. — In  untreated  cases, 
while  the  whole  surface  of  the  fracture  is  potentially  a  source  of  penetra- 
tion, the  actual  track  or  resting-place  of  the  missile  is  the  most  favourable 
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point  of  departure,  on  account  of  the  presence  of  infected  debris  on  the  surface 
of  the  bone.  If  this  is  removed,  there  is  no  evidence  that  the  subjacent  bruise 
faciUtates  penetration. 

li.  Estimate  of  the  Power  of  Penetration  possessed  by  eacli  Bacterial 
Group. — Since  the  frequency-data  })rescnted  in  Table  1  are  based  on  the 
results  of  cidtivating  at  various  distances  from  the  site  of  the  fracture,  they 
may  be  presumed  to  give  an  indication  of  the  penetrating  capacity  of  the 
invading  bacteria.  Direct  evidence  is  obtainable  by  measurement  of  the 
extreme  limit  of  penetration  in  a  series  of  cases,  and  by  taking  an  average  for 
each  group  of  organisms.  This  has  been  done,  with  the  following  results 
(three  bones  giving  very  mixed  growths  are  excluded)  :  {a)  The  average 
distance  of  penetration  of  the  streptococcus  in  ten  cases  is  2-0  cm.  (6)  The 
average  distance  of  penetration  of  the  staphylococcus  in  ten  cases  is  1-5  cm. 
(c)  The  average  distance  of  penetration  of  anaerobes  in  six  cases  is  0-8  cm. 
{d)  The  average  distance  of  loenetration  of  B.  coli  in  three  cases  is  0-7  cm. 
The  two  sets  of  observations  are  mutually  confirmatory,  and  justify  the 
conclusion  that  they  are  an  expression  of  the  penetrating  capacities  of  the 
bacterial  groups  concerned.  Cases  9  and  10,  Appendix  I,  illustrate  the  low 
penetrating  power  of  B.  coli. 

It  has  not  been  possible  to  make  an  exact  study  of  the  anaerobes  met  with 
in  bone,  but  it  is  apparent  that  the  B.  perfringens  has  less  tendency  to  pene- 
trate bone  than  other  types  of  anaerobe.  Thus,  of  20  bones  examined,  out  of 
16  cultures  growing  anaerobes  from  the  surface  of  the  lesion,  8  yielded  B. 
perfringens  (50  per  cent) ;  while  out  of  29  cultures  growing  anaerobes  at  various 
levels,  B.  perfringens  was  present  in  7  (24  per  cent). 

4.  Infection  of  Soft  Parts. — It  is  evident  that  penetration  in  fractured 
bone  cannot  be  dissociated  from  the  conditions  as  regards  infection  of  the 
surrounding  soft  parts,  since  the  primary  lesion  of  the  bone  is  an  integral 
part  of  the  woimd,  and  is  therefore  liable  to  receive  reinforcement  of  sepsis 
from  inadequately  drained  recesses.  This  question  is  intimately  connected 
with  the  influence  of  surgical  treatment  of  the  wound  on  penetration,  and  its 
further  discussion  here  is  unnecessary. 

5.  Effect  of  Diminution   of   the  Blood-supply. — As   in  the   soft  parts, 
any  considerable  diminution  of  the  blood-supply  to  bone  is  immediately  reflected 
in  an  increased  growth  of  bacteria,  especially  anaerobes.     There  are  two  condi-  ^ 
tions  under  which  this  occurs,  namely  :    (a)  Local  diminution ;    (b)  General 
diminution. 

a.  Local  Diminution  of  Blood-supply. 

i.  Interruption  of  the  Main  Artery  of  the  Limb. 

Case  11.— Major  S.,  age  33.     [Ref.  No.  206.] 

Lesion.- — Perforating  high-explosive  shell  wound  of  elbow,  with  superficial 
fracture  of  tinder  surface  of  coronoid  process  of  ulna. 

Clinical  Ilistortf. — Dec.  25,  1916,  severe  multiple  wounds.  Elbow  track 
cleaned  out  at  casualty  clearing  station,  and  brachial  artery  tied.  Elbow  remained 
normal  till  .Jan.  16,  1917,  when  patient  complained  of  severe  pain  in  joint,  which 
showed  the  physical  signs  of  acute  arthritis.  Immediate  resection  of  head  of  ulna 
and  radius.     Humerus  intact,  not  interfered  with. 
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Examiuatiim   of  Parts  Removed,  Jan.   16. — I'nder  surface  of  coronoid  process 
bare.     No   breach   of  cartilaginous   surface   of  ulna.     Capsule   soft   and   infiltrated 


Fig.  215. — Case  11.  Olecranon  process  removed 
by  ojjeration  22  days  after  injury.  Temporary 
interference  with  blood-supply  by  ligature  of  bra- 
chial arter\-. 


-"A. 


where  attached  to  edge  of  coronoid  process,  and  infection  probably  reached  joint 
by  this  route  (Fig.  215). 

Table  5. — Case  11. 


Specimen-  takes  for  Cixtlrk 

Dl.«rAXCE 

FROM  Lesion 

AEROBIC  BACTKRU  ;      ^^^^^^ 

1 

Ulna  1       

2 

"3  ..  '.'.  .. 
Elbow-joint  at  operation 
Blood  from  vein,  Jan.  12 

„             „           Jan.  21 

In  fissure 
1-6  cm. 
2-5     „ 

Streptococcus 
»» 
»» 
»» 
0 
0 

0 
0 
0 
0 

Exposure  of  bone  to  sepsis. — 22  days. 
Resection. — 4.0  p.m. 

Bone  in  ice. — From  4.5  p.m.  to  5.45  p.m. 
First  culture  taken  from  bone. — 6.10  p.m. 
Last  culture  taken  from  bone. — 6.21  p.m. 
Order  of  cultures. — 3,  2,  1. 


Owing  to  the  ligature  of  the  brachial  artery  in  the  wound  in  this  case, 
the  blood-supply  of  this  portion  of  the  bone  was  temporarily  interfered  with, 
although  at  no  time  was  there  any  serious  inadequacy  of  the  circulation 
through  the  forearm. 

ii.  Interruption  of  the  Chief  Artery  to  the  Bone.— Two  cases  of  wounds 
of  the  OS  calcis  illustrate  this  point,  the  wounds  and  general  condition  of  the 
patients  being  sufficiently  similar  to  eliminate  any  other  influence  adequate  to 
explain  the  discrepancy.  The  blood-supply  of  this  bone  is  derived  almost 
entirely  from  the  posterior  tibial  artery.  Where  this  artery  was  intact  (Case 
12),  penetration  was  limited  to  the  immediate  neighbourhood  of  the  fracture. 
Where  the  artery  was  divided  (Case  13),  penetration  of  organisms  was  found 
throughout  the  whole  bone. 

Case  12. — Lieut.  L.,  age  22. 

Lesian. — ^Perforating  shell-wounds  of  ankle.  Compound  fracture  of  tibia,  fibula, 
astragalus,  and  os  calcis.     Ankle-joint  open.     Astragalo-calcanean  joint  full  of  blood. 

Clinical  History. — Wounded  Sept.  15,  1916,  at  night.  ^Vounds  packed  with 
gauze  at  casualty  clearing  station.  On  arrival  at  base  hospital,  very  ill,  skin 
jaundiced,  partly  conscious.  Amputation  15  cm.  above  malleoli  on  Sept.  18  at 
11.0  a.m.,  two  and  a  half  days  after  infliction  of  wound.     Death  two  hours  later. 

Clinical  Picture. — Anaerobic  toxaemia. 
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E.rnmwation  of  Foot,  Sept.  18.  5.40p.m. — Perforatinoj  wound  at  level  of  inferior 
tibiofibular  joint,  involving  both  bones,  opening  ankle,  and  grazing  astragalus.  This 
wound  contained  mud  and   cloth  beneath  the  gauze  pack.     Separate  perforating 


JZil 


Fig.  21G. 


Fig.   217. 


Fig.  210. — Case   12.     O.s  calcis  with  perforating  shell-track  removed  by  amputation  2J 
days  after  injury.     Posterior  tibial  artery  intact.      Penetration  to  0-5  cm. 

Fig.  217. — Case   12,     Tibia  with  gutter  fracture,  same   limb  as  Fig.  216.     Penetration 
to  1  cm. 

wound  of  OS  calcis,  with  entry  below  posterior  end  of  sustentaculum  tali,  and  exit  at 
peroneal  spine.  Soft  parts  of  foot  swollen,  but  not  gangrenous.  No  gaseous  cellu- 
litis.    (F/i,'.«,  216,  217,  and  208,) 


Table  6.-~Case  12, 


Spkctmen  takek  for  CUI.TUnE 

DISTANCE 
PROM 

Lesion 

aerobic  Bacteria 

anaerobic  Bacteria 

Tibia     1       ,. 
o 

Calcaneum    1 

2 

3 
Blood  from  vein  at  amputa- 
tion 

10  cm. 
4-2     „ 
Surface 
0-5  cm. 
1-8     ,-, 

Staphylococcus 
'  0 
0 
0 
0 
0 

0 
-f  (including  B.  perfringens) 

+ 
0 

+ 

Ex|)osure  of  bone  to  sepsis  before  amputation, — 2 J  days. 

Bone  in  ice. — From  11  a.m,  to  .5.30  p.m. 

First  culture  taken  from  bone. — 5.40  p.m. 

Last  culture  taken  from  bone. — 6.30  p.m. 

Order  of  cultures. — Tibia:    1,  2.     Calcaneum  :    3,  2,  1. 


Note. — The  bacillus  isolated  in  pure  culture  from  the  blood  and  from  Tibia  1  and  Cal- 
caneum 2  was  a  non-proteolytic  anaerobe  morphologically  resembling  B.  perfringens,  but 
differing  from  it  in  not  producing  the  '  stormy  fermentation  '  reaction  in  milk. 
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r.'sv    i:?. — Lieut.  R.,  age  41. 

Lisloii. — Multiple  high-explosive  shell  wounds.  Right  foot  :  Anterior  half 
shattered.  Right  leg :  Perforating  flesh  wound  10  cm.  above  ankle,  dividing 
posterior  tibial  artery.  Right  knee :  Small  penetrating  wound,  with  shell  fragment 
embedded  in  internal  condyle  of  femur.     Other  minor  flesh  wounds. 

Clinical  Ilistorif. — Wounded  Oct.  22,  1916.  Operation  at  casualty  clearing 
station,  Oct.  23,  confined  to  cleaning  all  flesh  wounds  and  disarticulation  at  right 
tarsometatarsal  joint.  Right  knee  not  touched.  Arrived  at  base  Oct.  27. 
Temperature  102-4^,  pulse  120.  Right  knee  quiet.  Amputation  in  lower  third  of 
thigh  for  streptococcal  arthritis,  Oct.  29,  11.25  a.m.     Death  Oct.  30,  3.30  a.m. 

Clinical  Picture. — Septicaemia. 


Fio.  218 

Fig.  2lS.^Case  13.  Os  calcislwith  shell 
wound  of  tuberosity  removed  by  amputation 
7  days  after  injurj-.  Posterior  tibial  artery 
divided.  Penetration  of  whole  bone  by  an- 
aerobes.    {Cf.  Fig.  216.) 

Fig.  219. — Case  13.  Lower  end  of  femur 
removed  by  amputation  7  days  after  injury. 
Streptococcus  in  blood  recovered  from  all  parts 
of  bone. 

Fig.  220. — Case  13.  Tracing  of  transverse 
section  of  femur  shown  in  Fig.  219.  Small 
shell-fragment  with  surrounding  bruise.  Strep- 
tococcus in  blood  recovered  from  injured  and 
uninjured  bone.  Z*,  Soft  bone  probably  infec- 
ted from  shell.  Z^,  Hard  bruised  bone.  Growth 
at  ( 1 )  may  be  a  local  extension  from  shell. 


7^-" 


Fig.  219. 


Fig.  220. 


Examination  of  Limb,  [Oct.  29.— Foot :  Surface  of  amputation  covered  with 
brown  exudation — superficial  necrosis.  Foul  wound  of  heel,  with  fracture  <  of 
tuberosity  of  os  calcis.  No  gangrene  or  gaseous  cellulitis.  Leg  :  Septic  tunnel 
through  deep  flexors,  dividing  posterior  tibial  artery.  Knee  :  Skin  puncture  covered 
with  small  dry  scab.  Small  hole  in  synovial  membrane,  through  which  the  deeper 
part  of  the  extra-articular  track  had  become  infected.  SmaU  sheU-fragment  em- 
bedded in  anterior  part  of  internal  condyle  at  reflection  of  synovial  membrane 
from  bone  to  capsule.  Surrounding  bruise.  Joint  effusion,  blood-stained.  Os  calcis 
and  14  cm.  of  femur  examined  for  penetration  by  organisms.     (Figs.  218,  219,  220.) 


vol,,    v. — NO.    IJ 
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Table  7.— Case  13, 


SPECntEN    TAKEN    TOR    CULTURE 

DISTANCK 
FROM  LKSION 

AERonic  Bacteria 

anaerobic 
Bacteria 

Os  calcis     1      . . 

In  fissure 

Streptococcus, 
coliform  bacillus 

+ 

2 

0-7  cm. 

Streptococcus, 
coliform  bacillus 

+ 

3 

2-1    „ 

Streptococcus, 
coliform  bacillus 

+ 

Femur  1 

0-5    „ 

Streptococcus 

0 

2 

2-5    „ 

,j 

0 

3            

5-5    .. 

0 

„         4             

5-5    ,. 

0 

5             

8-0    .. 

0 

6             

120    „ 

0 

Tibia  (control) 

0 

Knee-joint,  Oct.  29     . . 

0 

Blood  from  vein  3;|  hours  after 

0 

amputation 

Exposure  of  bone  to  sepsis. — -7  days. 

Bones  in  ice. — From  11.45  a.m.  to  5.30  p.m. 

First  culture  taken  from  bone.^ — 5.35  p.m.     Last  culture. — 7.15  p.m. 

Order  of  cultures. — ^Femur  :  3,  2,  1,  4.  5,  6.     Tibia.     Os  calcis  :  3,  2,  1. 

iii.  Interruption  of  the  Medullary  Artery  at  the  Site  oj  Fracture. — The 
effect  of  this  is  seen  in  a  more  extensive  growth  of  organisms  in  the 
fragment  which  is  cut  off  from  the  medullary  artery.  (See  also  Cases  15 
and  16,     Appendix  I,) 

Table  8.~Case  14, 


Specimen  taken  for  Culture 

Distance 
FROM  Lesion 

AEROBIC  Bacteria 

ANAEROmC 

Bacteria 

Upper  fragment  1 

In  fissure 

Streptococcus 

0 

2       .. 

1-5  cm. 

,, 

0 

3       .. 

3-5    „ 

0 

0 

4       ,. 

6-3    „ 

0 

0 

5       .. 

10-3    „ 

0 

0 

0       .  . 

0-8    „ 

Streptococcus 

0 

Lower        „            1       . . 

In  fissure 

Streptococcus, 
B.  proieus 

0 

2       ,. 

>•»      » 

Streptococcus, 
B.  proteus 

0 

3       .  . 

1-5  cm. 

Streptococcus 

0 

4       ., 

3-5      ., 

0 

5       .  . 

5-5      ,, 

0 

0       ,. 

7-7      „ 

0 

0 

Femur  (control) 

0 

0 

Blood  from  vein,  Feb.  20 

0 

— 

Exposure  of  bone  to  sepsis, — 31  days. 
Amputation, — March  8,  2.30  p.m. 
Bone  in  ice. — ^From  2.30  p.m.  to  3.35  p.m.,  March  8. 
First  culture  taken  from  bone. — 3.50  p.m.     Last  culture. — 5.0  p.m. 
Order  of  cultures. — Lower  fragment  :   6,  5,  4,  3,2,  1 .     Upper  frag- 
ment :  6,  5,  4,  3,  2,  1.     Femur. 
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Case  14. — Sec.  Lieut.  B.,  age 
♦28.     [Ref.  No.  207.] 

Lesion.  —  Multiple  high-explo- 
sive shell  wounds.  Abdomen  : 
Penetrating  upper  end  of  left  linea 
semilunaris  ;  no  evidence  of  vis- 
ceral injun*.  Sterile  secondary 
effusion  into  left  pleura.  Left  fore- 
arm :  Extensor  tendons  of  wrist 
divided  ;  cellulitis  of  hand  ;  frac- 
ture of  olecranon.  Right  hernia 
testis.  Left  leg  :  Compound  frac- 
ture of  tibia  and  first  metatarsal. 
Many  minor  wounds. 

Clinical  History.  —  Wounded 
Feb.  5,  1917.  All  wounds  opened 
up  and  drained  same  day  at  casualty 
clearing  station.  Transferred  to 
base  Feb.  21.  Still  profoundly  sep- 
tic. Pockets  of  pus  opened  on  two 
occasions.  Amputation  of  left  leg 
above  knee  was  followed  by  rapid 
improvement  in  general  condition 
and  healing  of  all  wounds.  Trans- 
ferred to  England  March  22.     ■'^ 

Examination  of  Limb,  March  8. 
— Three  wounds  of  tibia.  Main 
fracture  exposed  in  wound  of  an- 
terior aspect  of  leg.  Bone  dr\-  and 
dead-looking  where  visible.  Soft 
parts  adherent  to  bone  right  up  to 
fractured  ends.  No  pocketing  of 
pus.  Muscles  of  leg  oedematous, 
with  commencing  fibrosis  in  neigh- 
bourhood of  fracture.  Anterior 
and  posterior  tibial  vessels  intact. 
Upper  and  lower  tibial  wounds  are 
small  cracks  at  bottom  of  suppura- 
ting sinuses.  (Fig.  221  and  Table  8.) 

b.  Effect  of  General  Diminu- 
tion OF  Blood-supply. 
1.  Death. — The  gradual  fail- 
ure of  circulation  which  not 
uncommonly  allows  the  extremi- 
ties to  become  cold  for  many 
hours  before  death,  is  particu- 
larly favourable  to  the  growth 
of  anaerobes  and  other  sapro- 
phytes, (See  Case  4  {Fig.  247), 
Appendix  I,  of  amputation  fol- 
lowed by  death,  with  anaerobic 
penetration  of  24  cm. ;  and  con- 
trast it  with  Case  7  (Fig.  212), 
of  surviving  amputation,  with 
anaerobes  confined  to  surface.) 


Fig.  22  L — Case  14.  Fractured  tibia  removed  by 
amputation  31  days  after  injury.  Penetration  greater 
in  lower  than  in  upper  fragment,  owing  to  difference  of 
blood-supply.  A*,  Fissures.  A^,  Small  fracture  with 
no  penetration  at  L*.  A*,  Small  fracture  with  pene- 
tration at  U*.  Foramen  for  medullary  artery  naar  U*. 
U,  L'pper  fragment.     L,  Lower  fragment. 
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2.  Hccmorrhage. — After  severe  lurmorrhage  the  resistance  of  bone  to 
penetration  is  reduced  in  association  with  the  general  diminution  of  the 
circulation. 

i.  Hcemorrhage  folloiving  Operation. 

Case  17.— Lieut.  L.,  age  28.     [Ref.  No.  208.] 

Lesion. — Superficial  {gutter  of  articular  border  of  internal  tuberosity  of  tibia, 
with  tear  of  semilunar  cartilage.  Tangential  blow  bj-  fragment  of  high-explosive 
shell,  which  remained  extracapsular. 

Clinical  History. — Wounded  July  3,  1916,  1  a.m.  On  July  6  arrived  at  base, 
3  days  7  hours  after  being  wounded.  Joint  effusion,  consisting  of  blood-stained 
synovia    contained  staphylococcus. 

First  operation,  July  6,  6.30  p.m.  (3  days  17J  hours  after  wound). — Local 
excision  of  track,  shell-fragment,  fracture,  and  portion  of  semilunar  cartilage.  Joint 
closed  after  irrigation. 

Second  operation,  July  12,  9.30  p.m.  (9  days  20  hours  after  wound). — Resection 
of  knee-joint,  including  the  whole  of  tibial  fracture.     Joint  effusion  consisting  of  pus 

— staphylococcus. 

July  13,  cavity  packed  with  gauze 
on  account  of  persistent  oozing  of  blood. 
July  16,  pyocyaneus  infection  of  cavity. 
Third  operation,  July  18  (6  days 
after  resection). — Amputation  through 
resection  woimd. 

Aug.  15,  transferred  to  England. 
April,  1917,  garrison  duty  abroad. 

Examination  of  Limb  after  Removal, 
July  18. — CEdema  of  subcutaneous  tis- 
sue. Muscles  macroscopically  normal. 
No  pus  outside  resection  cavity  {Figs. 
222,  223,  and  Table  9). 


Fig.   222.  Ftn.  223 

Fio.  222. —  Case  17.  Tibia~.sho\ving  portions  removed  by  resection  and  amputation. 
A,  Orijiinal  surface-wound  from  which  no  penetration  occurred  in  ten  days.  After  severe 
haemorrhage  which  followed  resection  organisms  penetrated  to  at  least  10  cm. 

Fig.  22.3. — Case  17.  Tracing  from  lower  surface  of  resected  portion  of  tibia  shown  in 
Fig.  222.      No  penetration  in  10  days. 

This  case  illustrates  the  different  degrees  of  penetration  by  organisms 
before  and  after  a  severe  haemorrhage.  In  the  resected  portion  of  the  bone 
there  was  a  fracture  infected  presumably  by  the  staphylococcus,  since  that 
organism  was  present  in  the  joint.  After  a  period  of  nearly  4  days,  during 
which  penetration  was  possible,  the  surface  of  this  fracture  was  removed 
entire  by  the  gouge  to  a  depth  of  2  to  3  mm.  After  a  further  period  of  6  days, 
during  which  the  clinical  appearance  of  a  mild  infection  was  present  in  the 
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wound,  examination  of  the  resected  portion  of  bone  showed  that  penetration 
of  organisms  had  not  reached  a  depth  of  0-6  em,  (i.e..  penetration  was  less 
than  1  cm.  in  9  days).  After  the  ha?morrhage  there  was  penetration  to  at 
least  10  cm.  in  6  days.  It  must,  however,  be  pointed  out  that  we  have  no 
knowledge  of  the  penetrating  power  of  B.  pyocijaneus. 

Table  9.— Case  17. 


SPKCIMKX  TAKEN  FOR   CtLTfRE 

Dl?rAXCE 
FROM  LESIOX 

AEROBIC  Bacteria 

anaerobic 
Bacteria 

Tibia  resection     1 

0-6  cm. 

0 

0 

2         .... 

2-8    „ 

0 

0 

3         . . 

a-4    „ 

0 

0 

,,  amputation  4 

Surface 

Staphylococcus, 
B.  pyocyaneus 

0 

,,               ,,             ;) 

20  cm. 

Staphylocopcus, 
B.  pyocyaneus 

0 

G          .. 

9-5    „ 

B.  pyocyaneus 

0 

Blood  from  vein,  July  24 

0 

— 

Knee-joint,  July  6  and  July  12 

-• 

Staphylococcus 

« 

ExjKJsure  of  tibia  to  sepsis  between  date  of  woimd  and  date  of  resection 

of  knee. — 9  days. 
Exposure  of  tibia  to  sepsis  between  resection  and  amputation. — 6  days. 
Resection.^ — 10.30  p.m. 

Bone  in  ice. — From  10.35  p.m.  to  12.15  a.m. 

First  culture  taken  from  bone. — 12.25  a.m. 

Last  culture  taken  from  bone. — 12.35  a.m. 

Order  of  cultures. — 3,  2,  1. 
Amputation. — 5.45  p.m. 

Bone  in  ice.- — From  6.40  p.m.  to  11.25  p.m. 

First  culture  taken  from  bone. — 11.30  p.m. 

Last  culture  taken  from  bone. — 12  midnight. 

Order  of  cultures. — 6,  5,  4. 

ii.  Secondary  Hiemorrhage. 

Case  15,  examined  twenty-four  hours  after  severe  secondary  hcemorrhage, 
is  described  in  Appendix  I.  Owing  to  division  of  the  medullary  artery,  it 
is  not  possible  to  estimate  the  effect  of  the  secondary  haemorrhage  in  the 
production  of  the  extensive  penetration  observed. 

6.  Influence    of    Surgical    Treatment    of    Wounds    on    Penetration. — 

The  results  obtained  from  the  study  of  the  material  which  forms  the  basis  of 
this  communication  do  not  represent  the  natural  history  of  untreated  gun- 
shot fracture.  In  the  majority  of  cases  it  must  be  assumed  that  this  has  been 
modified  by  the  ordinary  surgical  technique  of  cleansing  and  drainage  of 
wounds.* 


*  By  surgical  cleansing  is  meant  the  removal  of  all  dead  tissue  and  foreign  matter  (mud, 
cloth,  and  missile)  from  a  wound.  By  drainage  is  meant  the  establishment  of  free  communi- 
cation of  all  parts  of  the  wound  with  the  surface.  The  aim  of  these  procedures  is  to  prevent 
the  saprophj'tic  growth  of  bacteria  in  wounds  which  precedes  parasitic  invasion  of  the  living 

tissues. 
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In  none  of  the  cases  was  any  attempt  made  to  bring  about  surgical 
sterilization  of  the  wound  by  the  continuous  or  intermittent  instillation  of 
antiseptics.     The  ordinary  routine  was  as  follows  : — 

Soft  Parts :  The  wound  was  excised  or  opened  freely  so  as  to  allow  of 
either  gravity  drainage  by  tubes,  or  gauze  drainage  of  a  fininel-shaped  wound. 

Bone  :  All  comminuted  cancellous  tissue  lying  on  the  surface  of  the  bone 
wound  was  removed  by  gouge  or  curette,  on  the  assumption  that  such  bone 
was  killed  by  the  direct  effect  of  the  missile,  and  consequently  formed  a  suitable 
nidus  for  bacteria.  The  firm  bruised  portion  was  not  removed.  The  treat- 
ment as  a  whole  constitutes  in  effect  the  establishment  of  drainage  for  the 
bone. 

a.  Penetration  in  Fracture  with  Untreated  Bone. 

The  following  represent  (i)  Early,  and  (ii)  Late  stages  in  the  evolution 
of  an  luitreated  septic  fracture  : — 

i.  Early  Stage. — This  is  shown  in  Case  18,  Appendix  I. 


Fio.    225. 


Fio.  224. 


Fig.  226,  Fig.  227. 

No  surgical  interference  with 


224  at  level  of  (2). 


Fig.    224. — Case    19.     Femur  removed  by  amputation, 
actual  fracture.     Growth  throughout  bone.     A,  Fracture. 

Fig.   225. — Case  19.     Transverse  section  of  femur  shown  in  Fig. 
Growth  throughout  bruised  and  uninjured  bone. 

Fig.  226. — Case  19.  Transverse  section  of  upper  end  of  tibia,  showing  penetration 
from  small  untreated  fracture  (indicated  by  arrow).  Specimen  1  taken  from  indirect  bruise 
beneath  superior  fibular  facet.  Specimen  2'  in  Table  10  was  from  opposite  tuberosity 
2  cm.  lower. 

Fig.  227. — Case  19.     Fibula  showing  fracture  of  head,  and  associated  penetration. 
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ii,  Lafe  Stage. — In  the  following  case,  and  in  Case  20,  Appendix  I,  the 
interval  which  elapsed  between  wound  and  amputation  is  not  known  with 
certainty.  From  the  data  available  it  was  between  7  and  14  days.  In  both 
cases  the  flesh  wound  had  been  partially  opened  up,  but  the  bone  had  clearly 
not  been  interfered  with  in  any  way. 

Case  19.— Pte.  P. 

Clinical  History. — Amputation  in  lower  third  of  thigh  for  suppurative  arthritis 
of  knee.     Early  tetanus  with  local  spasm. 

Examinatixm  of  Limb  after  Removal. — Vertical  ijutter  wound  on  outer  side  of 
knee,  extending  from  upper  border  of  patella  to  level  of  tibial  tubercle.  In  the  upper 
third  of  this  was  the  mouth  of  a  sinus  leading  down  to  a  gutter  fracture  of  the 
external  condyle  of  the  femur  (Fig.  224).  In  the  lower  third  was  the  mouth  of  a 
similar  sinus  leading  to  a  small  wound  of  the  external  tuberosity  of  the  tibia.  Behind 
this  sinus  the  comminuted  head  of  the  fibula  lay  bare  in  the  wound.  Pus  tracks 
from  femur.  4  cm.  upwards,  deep  to  vastus  extemus  ;  from  tibia,  one-third  down 
leg,  in  anterior  tibial  compartment  ;  from  fibula,  5  cm.  downwards,  in  subcutaneous 
tissue. 

Knee-joint  :  no  tension,  free  exit  of  pus  through  sinuses  ;  articular  cartilage — 
white,  intact ;  synovial  membrane — superficial  sloughing  ;  effusion— yellow  pus  ; 
extracapsular  extension  of  pus — nil  ;  popliteal  space — intact ;  no  foreign  body. 
(Figs.  224,  225,  226,  227.) 

Table  10.— Case  19. 


>-PEt'IMEN 

TAKES    FOR 

ClLTlRK 


Dl^TAXCE    FROH 

Lesion 


AEROBIC   BACTERU 


ANAKROBic  Bacteria 


Femur  1  Surface  Streptococcus,    coliform     ba- 

cillus, Gram-i-  diplococeus 
;,        2  1-4  cm.  Streptococcus,    coliform     ba- 

cillus, minute  Gram  -f  dip- 
lococeus,   minute     Gram-|- 
staph  yloccocu  s 
„        3  4-7    „  Streptococcus,     coliform    ba- 

cillus, minute  Gram-r  dip- 
lococeus,  minute     Gram  + 
staphylococcus 
,.        '*  2-8    „  Coliform      bacillus,      minute 

Gram-f-    staphylococcus 
Coliform  bacillus 
Coliform  bacillus 
Coliform     bacillus, 
diplococeus.  Gram  - 
bacillus  in  chains 
j»        2  3-5    „  Coliform     bacillus,, 

(about )  diplococeus.  Gram  - 

bacillus   in  chains 
Fibula  1  3-6  cm.  Coliform  bacillus 

2  10-2    „  0 

3  15-6      „  0 
Knee-joint                ..                 Streptococcus,    coliform 

cillus 


„ 

o 

61 

,, 

6 

110 

Tibia 

1 

3-3 

Gram-f- 
-  slender 


Gram  + 
h  slender 


■j-   (including    B.   perfringens 
and  tetanus-like  bacillus) 

+ 


4-      (including     tetanus-like 
bacillus) 


+ 

0 
0 

+ 


+  (including  B.  perfringens) 


0 
0 

0 
ba-       +  (including  B.  perfringens) 


Amputation. — June  23,  1916,  11.40  a.m. 

Limb  in  ice. — From  12  noon  to  3.30  p.m.,  June  23. 

First  culture  taken  from  bone. — 4.0  p.m. 

Last  culture  taken  from  bone. — 7.0  p.m. 

Order  of  cultures. — Femur  :  6,  5,  4, 1,  3,  2.     Tibia  :   1,2. 


Fibula:  1,2,3. 
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This  case,  and  Case  20,  Appendix  I,  snggest  that  the  presence  of  the  dead 
comniinnted  surface-layer  of  cancellous  bone  facilitates  the  growth  of  a  mixture 
of  organisms,  and  that,  in  consequence  of  the  unchecked  proliferation  on  such 
a  surface,  extensive  penetration  occurs. 

h.  Penetration  with  Obstriction  of  Drainage. 

As  a  general  principle  it  may  be  stated  that,  in  a  septic  flesh  wound 
infiltration  of  the  walls  by  organisms  is  in  inverse  proportion  to  freedom 
of  drainage. 


J 1 I L 


J L 


_L_J I L 


Fig.  229.  Fig.  231. 

Fig.  228. — Case  21.     Size  and  position  of  tibial  wound  (surface  gutter). 

Fig.  229. — Case  21.  Tracing  of  transverse  section  through  tibial  wound  shown  in 
Fig.  228.  Removed  by  amputation  16  days  after  injury.  No  penetration  with  free 
drainage.     A,  Wound. 

Fig.  230. — Case  21.  Size  and  position  of  femoral  wound.  Obstruction  of  drainage 
by  knee-joint  between  fracture  and  surface. 

Fig.  231. — Case  21.  Tracing  of  section  of  femoral  condyle  through  wound  shown  in 
Fig.  230.  Penetration  to  at  least  2-8  cm.  from  wound  with  obstructed  drainage.  Limit 
not  reached. 


In  bone  wounds,  apart  from  untreated  fractures,  it  is  difficult  to  obtain 
examples  of  obstruction  of  drainage,  for  the  reason  that  only  some  unusual 
combination  of  circumstances  can  afford  the  opportunity. 

The  following  have  been  met  with  in  our  experience  : — 
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i.  Influence  on  Penetration  of  Inadequate   Drainage  of  Soft  Parts. 

Infected  amputation  stump  closed  by  suture  of  the  flaps  {Case  4, 
Appendix  I).  The  primarv'  effect  of  closure  of  the  stump  on  penetration  was 
overshadowed  by  the  terminal  stages  of  the  disease. 

Interruption  of  the  drainage  track  by  an  infected  joint  through  which 
a  continuous  feed  of  streptococcus  led  to  increase  of  penetration  {Case  21). 
This  case  affords  a  comparison  between  two  similar  wounds  with  different 
degrees  of  drainage  in  the  same  patient.  The  tibial  wound  was  close 
to  the  surface,  well  open,  and  had  had  the  superficial  damaged  bone  removed 
by  ciiretting.  The  femoral  Wound  communicated  with  the  surface  by  a  narrow 
track,  across  the  course  of  which  lay  the  infected  knee-joint.  The  drainage  of 
this  wound  was  not  only  obstructed,  but  a  continuous  reinforcement  of  its  sur- 
face infection  took  place  from  the  neighbouring  joint.  The  foreign  body  and 
superficial  layer  of  damaged  bone  had  not  been  removed. 

Case  21.— Major  G.,  age  36.     [Ref.  So.  211  ] 

Lesion. — Small  surface  gutter  of  tibia,  not  communicating  with  knee-joint. 
Small  perforating  wound  of  knee-joint,  with  crack  of  external  condyle  of  femur  near 
attachment  of  lateral  ligament.  Shell  fragments  in  both  bones.  Numerous  other 
wounds  from  fragments  of  high-explosive  shell. 

Clinical  History. — Wounded  June  2,  1916.  No  operation  before  arrival  at  base 
on  June  4,  when  all  wounds  except  that  into  knee-joint  were  opened  up,  cleaned, 
and  foreign  bodies  removed.  Aspiration  of  knee-joint  on  account  of  increased 
effusion :  turbid  yellow  fluid— streptococcus — .June  12.  Tibial  wound  excised  and 
bone  curetted.  Track  to  knee-joint  excised.  HCIO  irrigation.  Synovial  mem- 
brane closed.  Wound  packed  June  14.  Amputation  above  knee  June  18,  2.30 
p.m.  Transferred  to  EIngland  July  4.  {Figs.  228,  229 — Drainage  good.  Figs.  230, 
231 — Drainage  obstructed.) 

Tabu  \\.—Caae  21. 


Specimen  taken  for  Culture 

Distance 
raoM  Lesion 

AFROBic  Bacteria 

anaerobic 
Bacteria 

Tibia  1           

0-7  tni. 

0 

0 

„      2          .... 

2-4    „ 

0 

0 

„      3          

5-2    „ 

0 

0 

Femur     1 

0-2    „ 

Streptococcus 

0 

•> 

2-8    „ 

0 

Knee-joint,  June  12 

0 

„            June  13 

,, 

0 

„             June  16 

., 

0 

Blood   from  vein  at  ampu- 

0 

0 

tation 

Exposure  of  bones  to  sepsis. — 16  days. 

Dissection  of  limb  commenced. — 3.0  p.m.,  June  18. 

Last  culture  taken  from  bone.— 5.20  p.m. 

Order  of  cultures. — Tibia  :   3,  2,  1.     Femur  :   2.  1. 


ii.  Influence  on  Penetration  of  Inadequate  Drainage  of  Bone  {Case  22). 

In  this  case  three  bones  opened  into  a  single  septic  cavity,  but  while 
the   drainage  of  the  radius  and  ulna  was  as  complete  as   possible,  that   of 
the  humerus  was  limited  to  a  small  opening  in  the  articular  surface, 
VOL.  v. — NO.  18.  23 
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Fig.  232. 

Fig.  232. — Case  22.  Lower  part  of  humerus 
removed  by  amputation  18  days  after  injury, 
.showing  small  fractures.  Purulent  cancellous 
osteitis  at  level  of  section  due  to  obstructed 
drainage  of  bone.     Pure  staphylococcus  infection. 

Fig.  233. — Case  22.  Forearm  bones  removed 
by  amputation  :  radius  16  days  after  resection 
of  uninjured  head;  ulna  18  days  after  gunshot 
fracture.  Penetration  limited  to  4  cm.  ;  absence 
of  macroscopic  osteitis  associated  with  free  drain- 


age  of  bones. 

Fk:.  233. 

Table 

12.- 

—Case 

22. 

SPECIMEN  TAKEN 

POn  ClLTlRE 

DlSTANXE  FROM 

Lesion 

aerobic  BACrERIA 

anaerobic 
Bacteria 

Humerus 

At 

level   of 

section 

Staphvlococcus 

0 

of  condy 

es 

Radius  1 

Surface 

,, 

0 

f> 

20  cm. 

,, 

0 

„       -T 

40    „ 

,, 

0 

Ulna  1 

Surface 

0 

„     2 

1-2    „ 

0 

„     3 

3-2    „ 

0 

0 

Elbow-joint, 

-May  30 
May  31 

Staphylococcus,  B.  coli 

0 
0 

Exposure  of  bones  to  sepsis. — Radius,  16  days  ;   humerus  and  ulna,  18  days. 
Amputation. — 5.1.5  p.m.         Humenis  culture  taken. — .5.15  p.m. 

First  culture  taken  from  radius. — ($.30  p.m.     Last  culture  taken  from  ulna. — 7.5  p.m. 
Order  of  cultures. — Humerus.     Radius  :    1,2,  3.     Ulna  :    1,2,  3. 


Direct  smear  from  sawn  humerus  showed  pus  cells  and  staphylococci. 

The  original  tube  of  Radius  3  containing  the  l)one-fragment  grew,  whilst  a  sample 
sub-cultured  at  once  from  this  did  not,  showing  that  few  organisms  were 
present,  and  suggesting  that  this  .section  was  near  the  limit  of  penetration. 
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Case  22.— Lieut.  G..  age  22.     [Ref.   Xo.  212.] 

Lesion. — High-explosive  shell  wound  over  olecranon  process.  Comniinution  of 
■upper  extremity  of  ulna.     Chip  from  edge  of  trochlea  of  humerus.     Radius  uninjured. 

Clinical  History. — Wounded  May  13,  1916,  at  night. 

Operation,  May  15.— Resection  of  comminuted  portion  of  ulna  and  head  of 
radius.  Chipped  edges  of  trochlea  curetted.  Exposed  cancellous  bone  of  humerus 
bruised.  Drainage  and  irrigation  of  wound.  Second  operation.  May  31. — Purulent 
cancellous  osteomyelitis  of  humerus.  Pus  extended  to  upper  limit  of  cancellous 
bone.  Lower  part  of  medulla  looks  infected,  but  is  not  purulent.  Healthy  bleeding 
marrow  reached  at  middle  of  shaft.  Amputation  at  this  level,  5.15  p.m.  Transferred 
to  England  June  12.  .Sequestrectomy,  July  27,  Sept.  17,  and  Jan.  6,  1917. 
Discharged  from  hospital  Jan.  22,  with  healed  wound  and  useful  stump. 

Clinical  Picture. — ^Osteomyelitis. 

Examination  of  Limb,  /Slay  31,  1916.  No  pus  apart  ftx>m  humerus.  (Edema 
of  arm,  but  not  of  forearm.     {Figs.  232,  233,  and  Table  12.) 

c.  Penetration  in  Presence  of  Undrained  Fissure. 

Case  23. — Lieut.  C,  age  40. 
IRef.  A'o.    213.] 

Lesion. — Fracture  of  external 
condyle  of  humerus, with  crack  into 
elbow -joint.  Other  minor  flesh- 
wounds  from  high-explosive  shell. 

Clin  ical  History. — Wounded 
Dec.  12,  1916.  Shell  fragments 
removed  at  base  Dec.  16.  Local 
operation  on  elbow  wound,  drain- 
age improved  and  fracture  curet- 
ted, elbow-joint  not  infected  Jan. 
1,  1917.  Resection  for  arthritis 
of  elbow  Jan.  14.  Transferred  to 
England  Feb.  14. 

Although  interference  with 
the  local  blood-supply  in  the 
neighbourhood  of  the  external 
condyle  may  have  facilitated 
penetration,  the  chief  factor  was 
probably  the  feed  of  organisms 
from  the  imperfectly  drained 
fissures  shown  in  the  diagram 
(Fig.  234). 

Table  13. — Case  23. 


Fig.  234.— Case  23. 
Lower  end  of  humerus 
removed  by  operation  33 
days  after  injury. 

.Anterior  and  pos- 
terior views,  and  tracing 
from  transverse  section. 
Penetration  to  1-6  era. 
in  presence  of  undrained 
fissures.     A,  Fracture. 


Specmex  taken  for  Culttre 


DIST.VXCE 
PROM  LE?I0S 


AERGRic  Bacteria 


axaerobic 
Bacteria 


Humerus  1 
2 

3 
4 
Ulna  (control) 


Blood  from  vein  at  amputation 


Streptococcus 

0 
0 
0 
0 


Exposure  of  bone  to  sepsis. — 33  days.      Resection. — 3.30  p.m.,  Jan.  14, 
Bone  in  ice. — From  3.30  p.m.  to  5.30  p.m.,  Jan.  14.  [1917. 

First  culture  taken  from  bone. — 5.45  p.m.     l^st  culture. — 6.20  p.m. 
Order  of  cultures. — ^Humerus  :   4,3,2,1.     Ulna. 
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Pknetration     IX    Well-drained    Bone    with    Extensive 
Reinforceivient  of  Sepsis  from   the  Soft   Parts. 

Case  24.— Pte.  H.  [Ref.  No. 
214.] 

Clinical  History. — Wounded 
May  13,  1916.  Amputation  May 
17,    5.30   p.m. 

Lesion. — I^arge  foul  woimd  of 
inner  side  of  knee,  opening  joint. 
Comminution  of  internal  condyle 
of  tibia  and  femur. 

Examination  of  Limb,  May  17, 
7.30  p.m.^ — Wound  extended  from 
inner  border  of  patella  to  inner 
hamstrings.  Joint  widely  open 
and  contained  a  little  brownish 
pus.  Cartilage  not  eroded.  No 
extracapsular  extension  of  pus 
apart  from  wound,  and  no  redema 
of  leg.  Large  foul  pus-cavity 
extended  up  to  level  of  amputa- 
tion between  vastus  externus  and 
femur  ;  this  was  an  extension  from 
the  original  wound.  (Fig.  235 
and  Table  14.) 

With  this  last  case  may  be 
compared  the  original  tibial 
wound  of  Case  7.  In  both  in- 
stances jMis  from  the  knee-joint 
flowed  over  the  fracture  on  its 
wav    to    the    surface,    and    in 


Fig.  235. — Case  24.  Tibia  removed 
by  amputation  4  days  after  injury. 
Shell  wound  of  internal  tuberosity. 
Bruise  extends  to  Section  4(ll"4cm. 
from  fracture).  Penetration  less  than 
'.i  cm.  in  well-drained  bone  with  rein- 
forcement of  sepsis  from  soft  parts. 


Table  14,— Case  24. 


spkcimk.v  takkx  foh 
Clltlki: 

Distance 
from  lesion 

AEItOBlC  KACTEIUA 

ANAKKOUIC  BACTEIUA 

Tibia  1       .. 

Surface 

Streptococcus, 
coliform  bacilli 

+ 

,.2      . . 

2-9  cm. 

0 

0 

.,3      . . 

5-5    „ 

0 

0 

.,4      .. 

11-4    „ 

() 

0 

,,      .5      .  . 

21  0    „ 

0 

0 

Knee-joint  pus     . . 

Streptococcus, 

4-    (including  B. 

coliform  bacilli, 

per(ringens) 

(iram  -  cocci 

Exposure  of  bone  to  sepsis. — 4  days. 
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Case  24  there  was  a  further  addition  of  sepsis  from  a  large  cavity  in  muscle. 
In  spite  of  this,  the  freedom  of  drainage  of  the  bone  was  adequate  to  prevent 
extensive  penetration. 

e.  Absence  of  Penetration  with  Free  Drainage  of  Bone 
AND  Soft  Parts. 

An  example  of  this  is  given  in  the  tibial  wound  of  Case  21. 

The  series  of  cases  described  abov  e  shows  that  the  degree  of  penetration 
is  inversely  proportional  to  the  adequacy  of  drainage  estabUshed  by  surgical 
interference.  An  estimate  of  the  depth  to  which  uncomminutcd,  bruised, 
cancellous  bone  requires  removal  by  operation  should  be  based  upon  a  con- 
sideration of  the  factors  which  have  been  shown  to  influence  penetration, 
especially  the  extent  and  intensity  of  infection  of  the  soft  parts  and  the 
length  of  time  during  which  the  wound  has  remained  untreated  since  infliction. 
Bruising,  per  se,  is  not  an  indication  for  removal  of  bone. 

7.  Influence  of  Time  on  Penetration. — In  estimating  the  relationship 
between  the  length  of  time  during  which  a  bone  is  exposed  to  infection  and  the 
degree  of  penetration  by  organisms,  cases  in  which  gro^\'th  is  clearly  enhanced 
by  diminution  of  blood-supply  or  by  obstruction  of  drainage  must  be  excluded. 

In  Table  15  are  grouped  16  observations  on  bones  in  which  no  complica- 
tions are  introduced  by  these  factors. 

Table  15. — Showing  tde  Relation  between  Time  and  Penetration. 


Case 

BOXE 

TntK 

PEXEXnATIOX 

Stkrile  at 

ORGANISMS  AT  LUnT 

12 

Caleaneum 

2-5  days 

0-5   cm. 

1-8  cm. 

Anaerobes 

12 

Tibia 

2-5      „■ 

10      „ 

4-2     „ 

Staphylococcus, 
anaerobes 

20 

Humerus 

3      „ 

Surface 

0-5      ,. 

Staphylococcus, 
anaerobes 

18 

Femur 

3-5      „ 

0-8   cm. 

1-9      „ 

Anaerobes 

24 

Tibia 

4      ., 

Surface 

29      „ 

Streptococcus, 
coliform  bacilli 

7 

Tibia             . ,      . . 

10     ,. 

20   cm. 

2-5      „ 

Streptococcus 

7 

Tibia  (amputatn.) 

10     „ 

Surface 

1-5      , 

Mixed 

7 

Fibula 

10     ., 

Surface 

20      ., 

Staphvlococcus 

9 

Tibia 

14     ,. 

0-8   cm. 

4-7      „ 

B.  coii, 
anaerobes 

6 

,.   (amputation) 

16        :, 

1-5      „ 

40      , 

Streptococcus, 
staphylococcus 

Ul 

., 

16      , 

Surface 

0-7      „ 

Streptococcus 

8 

23     „ 

20  cm. 

11-2      „  (no 
section   made 
between      2 
and  11  cm.) 

" 

2.3 

Humerus 

23     „ 

1-6      „ 

3-3  cm. 

,^ 

25 

Femur 

26     ,. 

Surface 

1-5     „ 

14 

Tibia,  upper  frag- 
ment 

31      „ 

1-5    cm. 

3-5      „ 

" 

14 

„       head 

31     „ 

0-8      „ 

30      „ 

» 
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Although  the  number  is  too  small  to  allow  of  detailed  analysis,  a  general 
consideration  of  the  table  brings  out  two  points  :  Firstly,  cases  in  which 
organisms  are  confined  to  the  surface  are  equally  spaced  over  the  first  four 
weeks.  The  continued  presence  of  organisms  in  contact  with  opCn  bone  does 
not,  therefore,  necessarily  lead  to  infection  of  the  deeper  layers.  Secondly,  if 
the  average  depth  of  penetration  reached  in  the  first  week  be  compared  with 
the  average  depth  reached  during  the  succeeding  four  weeks,  the  process 
does  not  appear  to  be  one  of  uncontrolled  progression.  Thus,  the  average 
penetration   b}'^  organisms   in  the   first  week   is  0-46  cm.   (five   observations),. 


Fig.  237 

Fig.  230. — Case  25.  Upper  surface 
of  lower  extremity  of  femur  resected 
26  days  after  injury. 

A,  Original  shell-wound  curetted  2 
days  after  infliction.  A^,  Fissure 
through  which  streptococcus  reached 
knee-joint.  Z^,  Granulation  tissue 
resting  on  a  thin  layer  of  bone  which 
contained  pus  cells  and  streptococcus. 
Z^,  Fibrous  tissue  filling  cancellous, 
spaces  ;  deep  to  this  the  bone  was 
.softer  than  normal.  Z^,  Bone  of  nor- 
mal consistence  ;  red  colour  probably 
due  to  inflammatory  hyperaemia,  but 
may  be  partly  residual  from  original 
bruise.  Beyond  this,  normal  bone. 
(See  key  figure— Fig.  237.) 

Fig.  237. — Case  25.  Tracing  from 
bone  shown  in  Fig.  230.  Z^,  Granula- 
tion tissue  lining  original  wound. 
Z*,  Zone  of  sclerosed  bone.  Z^,  Zone 
of  hyperajmia.  1,  Junction  of  hard 
and  softened  bono.  2,  Normal  hard 
bone. 


while  the  average  additional  penetration  during  the  succeeding  four  wecks^ 
is  0-46  cm.  (eleven  observations).  These  figures  suggest  that,  where  penetra- 
tion beneath  the  surface  occurs,  the  rate  is  greater  during  the  first  few  days 
than  during  the  succeeding  weeks. 

Although  there  is  no  evidence  as  to  the  mechanism  by  which  the  slowing^ 
of  the  rate  of  penetration  is  brought  about,  it  is  natural  to  suppose  that  it  is  in 
the  nature  of  an  immunity  reaction.  At  a  later  date  the  development  of  a 
defensive  reaction  associated  with  the  process  of  repair  is  suggested  by  the- 
conditions  found  in  Case  25,  the  only  instance  met  with  in  the  series. 
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Case  25.— Sec-Lieut.  B.,  age  22.     [Ref.  Xo.  215.] 

Lesion. — High-explosive  shell  wound  of  internal  condyle  of  femur.  Fissure 
into  knee-joint. 

Clinical  History. — Wounded  Aug.  4.  1916.  Two  days  afterwards  the  shell 
fragment  was  removed  and  its  site  curetted  at  a  casualty  clearing  station.  Arrived 
at  base  nine  days  after  being  wounded,  with  streptococcal  arthritis  of  knee.  Limb 
immobilized.  Resection  of  knee-joint  Aug.  30,  twenty-six  days  after  being  wounded. 
Transferred  to  England.     Limb  still  in  plaster,  April,  1917. 

Joint  at  Resection. — Cartilage  :  eroded  at  points  of  pressure.  Synovial  membrane  : 
surface  replaced  by  soft  granulation  tissue.  Effusion  :  pus.  Extracapsular  exten- 
sion :    nil.     Periarticular  oedema  :    considerable. 

Examination  of  Bone  Removed,  Aug.  30  {Figs.  236  and  237). — The  surface 
illustrated  in  Fig.  236,  when  examined  with  a  dissecting  microscope,  showed  that  the 
grey  zone  deep  to  the  layer  of  granulations  consisted  of  two  areas  :  (1)  A  narrow 
superficial  strip  showing  definite  osteomyelitis,  especially  near  the  fissure — i.e.,  the 
cancellous  spaces  were  filled  with  pus  ;  (2)  Deep  to  this  a  dense  white  zone,  the 
cancellous  spaces  of  which  looked  solid  in  contrast  with  the  empty  cancellous  spaces 
of  the  adjacent  red  area.  Considerable  numbers  of  streptococci  were  found  in  the 
pus  of  the  superficial  area,  and  although  it  was  difficult  to  obtain  a  good  smear,  none 
were  seen  in  the  sclerosed  area.  The  red  cancellous  bone  deep  to  the  sclerosed  zone 
was  softened  as  far  as  Specimen  1,  which  was  taken  at  the  junction  of  hard  and 
.soft  bone. 

Table  IG. — Case  25. 
____  ^  _  _ 

SPECniEX  TAKEN-  TOR  Cl  LTfKE         y^^^^oS  i  -^™«"C  BACTERIA       ^^^^ 


Femur  1  (soft  bone)  ..  1-5  cm.  j  0  0 

„      2     (hard    „  ..  40    .,  j  0  O 

Knee-joint,  Aug.  13  . .  Streptococcus  0 

Aug.  21  . .  . .  „  0 


Exposure  of  bone  to  sepsis. — 26  days. 
Resection. — 3.30  p.m. 
Bone  in  ice. — ^From  3.30  p.m.  to  6.30  p.m. 
First  culture  taken  from  bone. — 6.40  p.m. 
Last  culture  taken  from  bone. — 6.45  p.m. 
Order  of  cultures. — 2,  1. 


IV.  EXTENSION  OF   INFECTION  ALONG  OPEN  FISSURES. 

A  fissure  whose  walls  are  not  in  contact  affords  ample  opportunity  for  the 
growth  of  any  organisms  which  may  be  present  in  the  wound,  as  it  provides  a 
cavity  with  rigid  walls,  full  of  blood-clot,  and  defiant  of  drainage.  Its  behaviour 
can  be  studied  clinieally  in  an  infected  fracture  of  the  femur,  accompanied  by 
fissuring,  where  the  incisions  for  drainage  have  been  confined  to  the  region 
of  complete  solution  of  continuity.  The  fissure,  full  of  blod-clot,  is  then  in 
communication  at  one  end  with  the  wound  flora,  and  at  the  other  end  opens 
either  into  a  muscle  or  joint-cavity. 

Organisms  grow  along  the  fissure  from  the  point  of  primary  infection,  and 
since  lateral  penetration  of  the  bone  by  organisms,  and  toxic  absorption  from 
the  walls  of  the  fissure,  are  comparatively  slight,  the  process  of  extension  is  not 
reflected  to  a  noticeable  degree  in  the  tentiperature  chart,  pulse-rate,  or  general 
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condition  of  the  patient.  As  soon,  however,  as  bacteria  escape  from  the 
fisstirc  into  an  adjacent  mnsclc  or  joint-cavity,  the  clinical  picture  changes  to 
that  associated  with  pocketing  or  with  the  development  of  a  septic  arthritis. 

The  absohite  rate  of  travel  of  organisms  along  a  fissure  can  only  be  deter- 
mined by  the  bacteriological  examination  of  serial  sections  of  bones  removed 
by  operation.  Estimates  of  the  aj)])arent  rate  of  travel  have  been  founded, 
from  a  clinical  point  of  view,  on  the  appearance  of  infection  in  a  joint  at 
the  far  end  of  a  fissure.  This  use  of  a  joint  as  an  indicator  is  probably 
fallacious,  since  it  implies  the  assumption  that  no  delay  occurs  at  the  breach 
in  the  synovial  surface.  Delay  is  known  to  occur  in  the  case  of  anaerobes 
and  the  stajihylococcus  (see  Case  27),  and  probably  happens  in  a  less  degree 
in   the  case   of  the  streptococcus,  although  the    material   available  does  not 

allow  of  precise  statement  with 
regard  to  this  organism. 

The  two  methods  are  illus- 
trated in  Cases  26  and  27. 
Case  27  also  illustrates  the 
persistence  of  anaerobes  in  a 
fissure  after  they  have  disap- 
peared from  the  original  wound. 
Examination  of  a  Fissure 
at  an  Early  Stage  before  Ex- 
tension has  taken  place. 

Case  26. — Sec. -Lieut.  B.,  age 
35.     [Ref.  216.] 

Lesion .  —  Neck  of  humerus 
shattered  by  rifle  bullet.  Gas 
infection  of  soft  parts. 

Clinical  History.  —  Wounded 
Sept.  14,  1916.  Limited  excision 
of  surface  wound,  with  tube  drain- 
age, at  casualty  clearing  station. 
Rapid  swelling  of  shoulder.  X  rays 
showed  that  the  fissure  extended 
to  the  shoulder  -  joint.  Sepsis 
rapidly  subsided  after  resection  on 
Sept.  17,  4.1.5  p.m.  Transferred 
to  England  Oct.  1.     {Fig.  238). 


Fig.  238. — Case  26.  Head  of  humerus  removed 
by  operation  3  days  after  injury.  Anterior  and 
external  views  and  section.  A,  Main  fracture  of  .sur- 
gical neck.  A*,  Fissure,  showing  no  extension  of 
organisms.     Whole  hetid  bruised. 


Table  17.— Case  26. 


SPEtXHEN  TAKEX  FOU       1            DlSTA.N'CE 

CeLTLRE                             PBOM  LESION 

Akkobic  Bacteria 

akaerobio 
Bacteria 

Humerus  1          . .          Surface 
„         2         . .          0  5  cm. 

Si         ..          1-8    „ 

Staphylococcus 
0 
0 

+ 
0 
0 

Exposure  of  bone  to  sepsis. — 8  days. 

Bone  in  ice. — From  4.20  p.m.  to  6.10  p.m.,  Sept.  17. 

First  culture  taken  from  bone. — 6.20  p.m. 

Last  culture  taken  from  bone. — 6.45  [).m. 

Order  of  cultures. — 3.  1,  2. 
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Examination  of  Fissure  at  a  Later  Stage  after  Extension  of  Infection 
into  Joint. 

Case  27.— Lieut.  H.,  age  21.     [Ref.  Xo.  217] 

Les'ion. — Comminuted  shell  fracture  of  femur  9  cm.  from  lower  end.  Fissure 
into  knee-joint. 

Clinical  History. — Wounded  Aug.  18.  1916.  Incisions  for  drainage  and  removal 
of  shell  fragment  at  casualty  clearing  station,  Aug.  19.  Further  incisions  for  drainage 
at  base.  Aug.  21.  Much  laceration  of  thigh  muscles,  with  severe  infection.  Bubbles 
of  gas  in  pus  from  wound.  The  knee-joint  at  first  had  the  usual  quiet  effusion 
associated  with  fracture  of  the  lower  third  of  the  femur. 

The  first  complaint  of  pain  in  the  knee  was  on  the  evening'  of  Sept.  3.  The 
following  morning  it  was  tender  and  hot,  with  increased  effusion.  Aspiration  yielded 
a  turbid  fluid  containing  the  streptococcus.  Amputation.  Sept.  4.  Transferred  to 
England.  Sept.  17. 

Examination  of  Limb.  Sept.  4. — Femur:  Periosteum  thickened  above  and  around 
fracture.  Continuity  of  pus  along  main  fissure  from  fracture  to  joint.  Muscles: 
Abscess  in  crureus  at  level  of  amputation,  communicating  with  fracture.  Knee- 
joint  :  Earlv  arthritis.  Svnovial  membrane  injected.  Articular  cartilage  unaltered. 
(Figs.  239,  240,  241.  242.) 

Table  IS.— Case  27. 


SPKCIMKS  TAKKX   for  ClLTlUE 


Dl.ST.\SCK 
raOM     LESIOX 


AEROBIC    RACTERI.V 


ANAEROBIC  BAfTKMA 


Femur  1  (soft  hone)  . . 

In    fissure 

Streptococcus, 

—    (including  B. 

staph  vlococcus , 

perjringens) 

B.  coli 

2 

0-4  cm. 

Streptococcus, 
staphvlococcus, 
B.  cdli 

0 

3 

1-5     „ 

0 

0 

4             

41      ,. 

0 

0 

Pus  from  wound  at  amputation 

Streptococcus, 
staphvlococcus, 
B.  coli 

0 

Blood  from  vein  at  amputation 

0 

— 

Exposure  of  Ixjne  to  sepsis. — 17  days. 
Amputation. — 9.30  p.m. 
Bone  in  ice. — From  9.30  p.m.  to  10.55  p.m. 
First  culture  taken  from  bone. — 11.30  p.m. 
Last  culture  taken  from  bone. — 12  midnight. 
Order  of  cultures. — 4,  3,  2,  1. 


Table  19. — Case  27.     Kxke-joint. 


Davs  after 
rsTTJcriox 

OP    WOl'ST) 


9 
17 


Blood-stained,  synovial 

Turbid  yellow  ;  very-  few  pus  cells  ; 
the  turbidity  due  almost  entirely 
to  organisms 


0 

0 

Streptococcus 
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Table  20. — Case  27.     Examination  ov  Dirkct  Smears. 


rOtJJT  FROM  WHICH  TAKKN 


Fcnnir  1 ,  in  crack  at  level  of  sec- 
tion of  condyles 
Marrow,  2-5  cm.  above  fracture 

•1  ^        >>  1)  •> 

7-5     „ 


Pus 

Excess  of  reds 

Fewer  reds 

Normal  marrow 


Streptococcus 


Description  of  Figs.  239,  240,  241,   242. 

Fig.  239. — Case  27.  Lower  half  of  femur  removed  by  amputation  for  streptococcal 
arthritis  of  knee  17  days  after  injury.  Longitudinal  section  of  bone,  with  fissure  opened 
out  to  show  continuity  of  pus  from  fracture  to  articular  cartilage.  A,  Fracture.  A*,  Fissure 
extending  to  joint.     Same  femur  as  in  Figs.  240,  241,  242. 

Fig.  240. — Case  27.  Lower  fragment  of  fractured  femur  with  fissure  (A^)  into  knee- 
joint. 

Fig.  241. — Case  27.  Femur  shown  in  Fig.  240  from  below.  A*,  Continuation  of  fissure 
through  articular  cartilage. 

Fig.  242. — Case  27.  Transverse  section  through  condyles  of  femur  shown  in  Fig.  240. 
A*,  Fissure  in  bruised  condyle.  Removed  by  amputation  17  days  after  injury.  Penetration 
0-4  cm.  from  fissure.  Shows  lateral  penetration  from  fissure  at  a  distance  from  the  main 
fracture. 


V.   CONCLUSIONS. 

1.  From  the  surface  of  a  divided  or  fractured  bone  exposed  to  infection, 
bacteria  may  penetrate  to  the  deeper  parts. 

2.  In  an  untreated  fracture,  penetration  is  apparently  unlimited. 

3.  If  the  dead  bone  on  the  surface  of  the  fracture  is  removed  early,  jjene- 
tration  is  much  reduced,  and  may  not  occur  at  all. 

4.  Penetration,  particularly  of  anaerobes,  is  greatly  increased  by  reduc- 
tion of  the  circulation  through  the  injured  bone. 

5.  Penetration  is  increased  by  obstruction  to  drainage,  either  of  the  bone 
or  of  the  soft  parts. 

6.  The  order  of  frequency  and  power  of  penetration  of  the  bacteria  found 
is:    (1)  Streptococcus;    (2)  Staphylococcus;    (3)  Anaerobes;     (4)  B.  coli. 

7.  The  rate  of  penetration  is  at  its  maximum  during  the  first  few  days. 

8.  In  the  material  examined,  no  difference  in  reaction  to  penetration  has 
been  noted  between  cancellous  bone  and  the  marrow  of  the  shaft. 

9.  Bruising — an  invariable  accompaniment  of  projectile  fracture— does 
not  appear  to  facilitate  penetration  if  the  surface  layer  of  debris  is  removed 
and  drainage  established. 

10.  In  a  septic  fissure,  groAvth  of  bacteria  is  progressive,  and  may  lead  to 
infection  of  a  distant  part — for  example,  a  joint.  Dissemination  of  infection 
throughout  a  bone  takes  place  by  penetration  from  its  walls. 

We  wish  to  express  our  appreciation  of  the  valuable  help  afforded  us  by 
Major  J.  W.  West,  R.A.M.C,  in  obtaining  some  of  the  material ;  of  the  intelli- 
gent co-operation  of  Private  W.  A.  Hume  (now  Second  Lieutenant  R.F.A.),  and 
Sergeant  A.  F.  CoUett,  R.A.M.C. ;  and  also  of  the  skilful  illustrations  in  line 
and  colour  by  Sergeant  A,  K.  Maxwell,  R.A.M.C,  for  whose  assistance  we  are 
indebted  to  the  Medical  Research  Committee. 
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APPENDIX    I. 

SUMMARY     OF     CONTENTS. 

Post-mortem  gro^vth  in  bone. — Causes  1,  2,  3. 

Effect  on  penetration  of  the  circulatory  conditions  preceding  death. — 

Cases  4,  5. 
Additional  examples  of  penetration  through  normal  bone. — Cases  6,  8. 
Illustrations  of  the  low  penetrating  power  of  B,  coli. — Cases  9,  10. 
Additional  examples  of  extensive  penetration  associated  with  interruption 

of  the  medullary  artery. — Cases  15,  16. 
Additional  examples  illustrating  early  and  late  stages  of  penetration  in 

untreated  septic  fracture. — Cases  18,  20. 

Post-mortem  Growth  in  Bone  {Cases  1,  2,  3). — The  importance  of  using 
fresh  material  is  shown  by  the  following  observations.  Three  limbs,  ampu- 
tated in  the  lower  third  of  the  thigh  for  septic  arthritis  of  the  knee,  were  left 
for  21,  28,  and  28^  hours  respectively  at  room  temperature  in  May,  at  the  end 
of  which  time  the  femurs  were  examined  for  the  presence  of  organisms.  In  all 
three  the  cut  end  of  the  femur  was  soiled  by  pus  from  the  wound,  and  in  Cases 
2  and  3  this  was  the  only  opening  by  which  organisms  could  enter  the  bone  ; 
in  Case  1,  owing  to  a  fracture  of  the  external  condyle,  the  bone  was  open  to 
infection  at  both  ends.  In  Cases  1  and  2  growth  was  general  throughout  the 
bone,  while  in  Case  3  the  limit  was  fixed  at  about  11  cm.  in  28|  hours. 

Case  1. — Pte.  R.,  age  26.  Wounded  April  24,  1916.  Amputation  11.0  a.m. 
May  1.  Examination  of  bone  2.30  p.m.  May  2.  Sepsis  before  amputation,  7  days. 
Duration  of  post-mortem  growth,  28  hours. 

Lesion. — Open  septic  knee-joint,  with  fracture  and  bruise  of  external  eondvle 
of  femur  {Fig.  243). 

Table  21. —Case  1. 


SPECniEJr  TAKKN 
FOR  ClTLTURE 

DlSTANCK  FROM 

Source  of  Infection 

Femur  1 

2 

.,        3 

4 

5 

In  fissure 

10  cm. 
3-7    „ 
40    „ 
20    „ 

AEROBIC  Bacteria 


Streptococcus, 

staphylococcus 
Streptococcus 


ANAEROBIC 

Baoteri  k 


Conclusion. — In  28  hours,  growth  to  at  least  5  cm. ;  limit  not  reached. 


Case  2. — Pte.  W.  Wounded  April  27,  1916.  Amputation  6.0  p.m.  May  2. 
Examination  of  bone  2.0  p.m.  May  3.  Sepsis  before  amputation,  5  days.  Duration 
-of  post-mortem  growth,  21  hours. 

Lesion. — Open  septic  knee-joint,  with  bruise  of  external  condyle  of  femur,  but 
no  fracture  {Fig.  244.) 
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SPECIMEN"  TAKKN 
R)R  ClLTrl'.K 


Table  22. — C(ise  2. 


Dl.STAXCK 

FROM  SOJTtCE  OF 

IXFECnOX 


AKRORic  Bacteria 


AXAEROBic  Bacteria 


Femur  1 


6-2  cm. 

13-3  „ 

140  „ 

13-5  „ 


Streptococcus,  B.  pyoci/aneus, 
B.  proteus 


-f  (including    B. 
perfringeus) 


CoNCLCSiox. — In  21  hours,  growth  to  at  least  10  cm. ;    limit  not  reached. 


ic.  - 


Fig.  243. 


Fig.  243. — Case  1.  Lower  end  of  femur 
with  fracture  and  bruise  of  external  condyle. 
Cut  surface  soiled  by  pus  from  woimd.  Post- 
mortem growth  from  both  ends  in  28  hours 
at  room  temperature. 

Fig.  244. — Case  2.  Lower  end  of  femur 
with  bruise  of  external  condyle,  but  no  fracture. 
Cut  surface  soiled  by  pus  from  wound.  Post- 
mortem growth  from  cut  end  to  10  era-  in 
21  hours  at  room  temf>erature. 

Fig.  245. — Case  3.  Lower  end  of  femur 
with  bruise  of  external  condyle  but  no  fracture. 
Cut  end  soiled  by  pus  from  wound.  Post- 
mortem growth  from  cut  end  to  10  cm.  in  28| 
hours  at  room  temperature. 


Fig.  245. 
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Case  3. — L.-Cpl.  C.  Date  of  wound  not  known.  Amputation  11.0  a.m.  May  5, 
1916.  Examination  of  bone  6.0  ]).m.  May  6.  Sepsis  before  amputation  :  duration 
not  known.     Duration  of  post-mortem  jjrowth,  28i  liours. 

Lesion. — Open  septic  knee-joint,  with  bruise  of  external  condyle  of  femur,  but 
no  fracture  {Fig.  245.) 

Table   23.— Case  3. 


Specixiek  taken 
FOR  Culture 

Distance 
PROM  Source  op 

INFECTION- 

AEROBIC  Bacteria      anaerobic  Bacteria 

Femur  1 
2 
3 

Knee-joint 

5-3  cm. 
11-0     „ 
11-3     „ 

Streptococcus 

0 
Streptococcus 
Streptococcus, 
staphylococcus 

©  C  C     1 

Conclusion. — In  28^-  hours,  growth  to  10  cm. ;  limit  reached  {Table  23). 
Growth  has  extended  further  in  the  bruised  than  in  the  normal  condyle,  probably 
because  the  effused  blood  is  a  medium  specially  suited  to  the  streptococcus. 

These  three  bones  show  so  extensive  a  penetration  by  organisms  as  to 
arouse  suspicion  of  post-mortem  growth.  This  suspicion  has  been  confirmed 
by  the  results  of  examination  of  fresh  material  of  corresponding  type  obtained 
by  operation.  Thus,  the  average  distance  of  penetration  of  the  streptococcus 
in  fresh  material  has  been  found  to  be  2  cm.,  contrasting  with  an  average  dis- 
tance of  8  cm.  (limit  not  reached  in  two  of  the  cases)  for  these  three  bones. 

Effect  on  Penetration  of  the  Circulatory  Conditions  Preceding 
Deatli    {Cases   4,    5). 

Case  4. — Lieut.  B.,  age  21.  Extensive  saprophytic  invasion  of  bone,  associated 
Avith  terminal  circulatory-  failure. 

Table  24:.— Case  4. 


sPECniEN  TAKEN  FOR 

Culture 


DISTANCE 
FROM    LESION 


AEROBIC  BACTERIA 


anaerobic 
Bacteria 


Femur  1 

••  : 

2-2  cm. 

Streptococcus, 
B.  coli 

+ 

r,          2 

4-4     „ 

Streptococcus, 
mixed  growth 

+ 

,,      3 

•  •  ■ 

6-7     „ 

Streptococcus, 
mixed  growth 

+ 

„      4 

90     „ 

Mixed  growth 

+ 

.,              i> 

140     „ 

,,          ,, 

+ 

„      6 

18-8     „ 

Streptococcus, 
mixed  growth 

+ 

,,            4 

*  ' 

24-3     ,, 

Streptococcus, 
;         staphylococcus,      i 
coliform  bacilli 

+ 

Blood     cu 

Iture 

31 

0                    i 

0 

hours  l>efore  deatli 

1 

Ante-mortem  exposure  of  bone  to  sepsis. — 10  days. 
First  culture  taken  from  bone. — 35   minutes  after  death. 
Last  culture  taken  from  hone. — -1  hour  2.3  minutes  after  death. 
Order  of  cultures.— 7,  6,  .5,  4,  3,  2,  1 . 
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Clinical  Ilisionj. — \\'ounded  Sept.  19.  1916.  Compound  fracture  of  fibula. 
Amputation  in  lower  third  of  thigh  for  gas  gangrene  at  casualty  clearing  station, 
Sept.  19.  Flaps  stitched.  Stitches  removed  at  end  of  four  days  and  pus  evacuated. 
Gradual  failure  of  circulation  for  three  days  before  death,  with  frequent  vomiting 
and  sweats.     Death  10.0  p.m.  Sept.  29. 

For  the  last  forty -eight  hours  the  extremities  were  cold  and  blue,  and  the  radial 
pulse    was    absent,    but    patient    was    quite   conscious. 
The  stump  was  distended  with  extreme  cedema  and  a 
moderate  quantity  of  gas.     There   was  no  jaundice  or 
local  bronzing  of  the  skin. 

Clinical  Picture. — Toxic  failure  of  circulation.  (Figs. 
246,  247,  and  Tabic  24.) 


Fig.  246. — Case  4.     Death  from  ga-s-ganffrene  toxsmia. 
Terminal  failure  of  circulation. 

Case  5. — Lieut.  K.,  age  27.  Absence  of  saproph>-tic 
invasion,  associated  with  maintenance  of  the  circulation 
till  death. 
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Fig.  248.  Fig.  249. 

Fig.  248. — Case  5.  Death  from  streptococcal  s^epticwmia. 
Absence  of  terminal  failure  of  circulation. 

Fig.  249. — Case  5.  10  cm.  of  shaft  of  tibia  from  ease  dying 
of  streptococcal  septicajmia  after  amputation  (A).  Absence  of 
any  considerable  penetration  by  organisms  when  circulation  Ls 
maintained  to  the  end.     Growth  at  (5)  of  septicaemic  origin. 


Fig.  247. — Case  4.  Upper 
32  cm.  of  femur  from  patient 
dying  of  ga-s  gangrene  after 
amputation.  Penetration  by 
organisms  to  24  cm.  accom- 
panying terminal  failure  of 
circulation.     A,  Amputation. 


Clinical  History. — Wounded  Feb.  8,  1917.  Left  foot  shattered  by  shell.  Ampu- 
tation in  lower  third  of  leg,  Feb.  9.  Flaps  stitched.  Stitches  removed  after 
twenty-four  hours.      CEdema   of  leg  up  to  knee.     Death  Feb.  18,  11.20  a.m. 

Clinical  Picture. — Septicaemia.     (Figs.  248.  249.  and  Table  25.) 
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Table  25.— Cane  5. 


Specimkn  taken 

ClLTlRE 

FOH 

DISTANCK 
FROM   LESION' 

Akrobic  Bacteria 

AXAEROBir; 

Bacteria 

Tibia  1       . . 

o 

„     4      • . 

„      5       .. 
Blood    culture    18i 
liours  before  death 

1-5  cm. 

3-5    „ 

5-5     „ 

7-5     „ 

100     „ 

Streptococcus,  staphylococcus, 

B.  coll 

Streptococcus,  staphylococcus 

0 

0 

Streptococcus 

+ 

0 
0 
0 
0 

Ante-mortem  exposure  of  bone  to  sepsis. — 9  days. 
Bone  in  ice. — From  11.50  a.m.  to  5^45  p.m. 
First  culture  taken  from  bone. — 5.50  p.m. 
I^st  culture  taken  from  bone. — 6.10  p.m. 
Order  of  cultures. — -5,  4,  3,  2,  1. 


From  a  comparison  of  these  two  cases,  it  is  seen  that  the  condition  of  the 
peripheral  circulation  before  death  has  an  important  bearing  on  the  bacterio- 
logical findings.  In  Case  4,  the  prolonged  failure  of  circulation  which  preceded 
somatic  death  is  reflected  in  the  temperature  chart  with  its  terminal  fall,  in 
the  absence  of  radial  pulse,  in  the  anaerobic  cellulitis  of  the  stump,  and  in 
the  extension  of  organisms  throughout  the  whole  length  of  the  femur  (see 
Table  24).  The  bone  is,  in  fact,  comparable  in  its  absence  of  resistance  to 
infection  to  Cases  1,  2,  and  3,  and  the  growth  of  organisms  is  in  reality  a 
post-mortem  phenomenon  occurring  during  life. 

In  Case  5,  where  death  from  streptococcal  septicaemia  was  accompanied 
by  a  terminal  rise  of  temperature  and  maintenance  of  the  peripheral  circulation 
up  to  the  end,  the  circulatory  conditions  in  the  bone-marrow  of  the  stump 
remained  practically  constant  till  death.  In  this  bone,  although  the  length  of 
exposure  to  sepsis  was  the  same  as  that  of  the  previous  case,  organisms  grew  up 
only  4  cm.  from  the  cut  end  (see  Table  25).  The  growth  at  Section  5  is  of  septi- 
ca^mic  origin,  while  the  absence  of  growth  at  Sections  3  and  4  can  best  be  ex- 
plained by  the  assumption  that  the  septicaemia  had  not  long  been  established. 

In  drawing  deductions  from  observations  on  bones  removed  at  autopsy, 
therefore,  due  consideration  must  be  given  to  the  clinical  picture  of  the  case 
before  death.  Material  obtained  at  operation  is  free  from  this  necessity  for 
analysis,  and  conclusions  may  be  drawn  from  it  with  greater  directness  and 
less  error  of  interpretation.  With  the  exception  of  the  two  bones  just 
referred  to,  the  whole  of  the  material  was  obtained  by  operation. 

Additional  Examples  of  Penetration  through  Normal  Bone  {Ca^es  6,  8). 

Case  6. — L.-Cpl.  .\.  {Ref.  So.  201.]  Amputation  through  normal  cancellous 
tissue. 

Clinical  Ilislory. — Wounded  April  22,  1916.  Flapless  amputation  5  cm.  below 
knee  at  casualty  clearing  station  before  April  26  (exact  date  not  known).  Upper  end 
of  fibula  removed.  Streptococcal  infection  of  knee-joint  through  popliteus  bursa. 
Re-amputation  above  knee  at  base,  12.30  p.m.  May  12.     (Fig.  250.) 
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Table  26. — Case  6. 


SPECMEX  TAKEN'  FOR  ClXTniE 


DlSTAXCE 
FROM  LESIOX 


AEiioBic  Bacteria      ! 


axaerobic 
Bacteria 


Direct  Smear 


Tibia   1 

„      2 

„      3 

0-.>  cm. 
!-.->    ,, 
40    „ 

Streptococcus, 
staphylococcus 

Streptococcus, 
staphylococcus 
0 

0 
0 
0 

0 
0 
0 

Knee-joint 

Femur,  cancellous  tissue 

•• 

Streptococcus 
0 

0 
0 

\ 

er\- 

few  cocci 

(control) 
Femur,  medulla  (control) 

•• 

0 

0 

Exposure  of  bone  to  sepsis. — 16  to  20  days. 
First  culture  taken  from  bone. — 2J  hours  after  amputation. 
Last  culture  taken  from  bone. — 3>,  hours  after  amputation. 
Order  of  cultures. — Femur.     Tibia  :  3,  1,  2. 


Fig.  250. — Case  6.  Tibia  from  flapless  amputation 
exfKJsed  to  infection  16  to  20  days.  Growth  to  1-5  cm. 
from  cut  surface. 


Case  8. — Lieut.  M.,  age  23.     [Ref.  So.  203.] 

Lesion. — Penetrating  shell-wound  of  knee.  Small 
fracture  of  articular  surface  of  internal  condyle  of 
femur,  with  tear  of  semilunar  cartilage.  No  injur\-  to 
tibia. 

Clinical  Histori/. — Wounded  Aug.  22,  1916.  Shell 
fragment  removed  at  casualty  clearing  station  Aug.  24. 
Arrived  at  base  Aug.  27.  Knee  distended  :  aspiration 
— pus — streptcK?oceus.  Resection  of  knee-joint  Aug.  28. 
Persistent  cedema  of  leg.  .\mputation  for  sepsis  Sept. 
20,  2.35  p.m.     Transferred  to  England  Oct.  1. 

Examination  of  Limb  after  Removal,  Sept.  20. — 
Leg  cedematous  ;  pus  behind  head  of  tibia ;  carious 
patch,  not  covered  by  granulations,  on  sawn  surface 
of  internal  tibial  tuberosity.  No  other  pus  collection 
in  leg.     {Fig.  251  and  Table  27.) 


Fig.  251. — Case  8.  Tibia  removed  by  amputation 
23  days  after  resection  of  knee-joint,  showing  penetration 
to  2  cm.  in  normal  bone.     (C/.  Figs.  250,  212,  214.^ 


5 
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Fig.  251. 
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Table  27.— Case  8. 


Specimen  taken  for  Ciltirk 


Tibia  1 


Femur  2  cm.  from  resected  surface 
Pus  from  woimd 

Blood  from  vein  at  amputation 


Surface 


20  cm. 
11-2     „ 
27-7     „ 


Streptococcus, 

staphylococcus 
Streptococcus 
0 
0 
Streptococcus 
Streptococcus, 
staphylococcus 
0 


Exposure  of  bone  to  sepsis  between  resection  and  amputation. — 23  days. 
Bone  in  ice. — From  2.35  p.m.  to  3;0  p.m. 
First  culture  taken  from  bone. — 3.0  p.m. 
I^ast  culture  taken  from  bone. — 4.0  p.m. 
Order  of  cultures. — Tibia  :   4,  3,  1,  2.     Femur. 


Nole. — Tibia  2  is  probably  near  the  limit  of  penetration,  becau&e  onlv  the  sample  grown 
aerobically  yielded  streptococcus,  whereas  the  anaerobic  culture  of  tibia  1  grew 
streptococci  and  staphylococci. 

Illustrations    of    Low    Pene- 
trating Power  of  B.  Coli  {Cases  9, 

10).^ — ^In  Case  9,  well-drained  bone 
was  exposed  in  a  septic  flesh- 
wound  into  which  a  continuous 
feed  of  B.  coli  was  maintained 
from  the  comminuted  head  of  the 
fibula  and  the  knee-joint.  In  Case 
10,  the  fracture  had  originally  been 
opened  up,  but  the  wound  was 
allowed  to  close  until  drainage  was 
reduced  to  that  afforded  by  a 
narrow  sinus. 


Fic,  252.  Fig.  253. 

Fig.  252. — Case  9.  Tibia  removed  by  amputation  14  days  after  injury.  Shell  fracture 
of  external  tuberosity.  Penetration  of  B.  coli  did  not  reach  limits  of  bruise.  Section  3 
bruised. 

Fin.  253. — Case  9.  Transverse  soction  of  tibia  =ihown  in  Fig.  252  at  level  of  (1)  and  (2). 
A,  Fracture. 
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Case  9.— Lieut.  B.,  age  22.     [Ref.  So,   204] 

Lesion. — Compound  fracture  of  head  of  fibula  and  external  tuberosity  of  tibia 
by  high-explosive  shell. 

Clinical  Historif. — Wounded  June  17,  1916,  9.0  p.m.  No  operation  at  casualty 
clearing  station.  First  operation  at  base  on  admission,  June  19,  10.30  p.m.  Wound 
foul,  with  local  gas  infection  of  muscle.  Wide  resection,  knee-joint  open.  Knee- 
joint  aspirated  June  26 :  pus,  R.  coli.  Amputation  above  knee  July  1,  2.45  p.m., 
for  suppurative  arthritis.     Transferred  to  England  July  21. 

Examination  of  Limb,  July  1. — Joint-fluid:  viscid,  yellow  pus.  S\-novial 
membrane  :  thickened.  Articular  cartilage  :  soft  and  eroded.  Tibia  :  bruised 
bone  of  external  tuberosity,  softened  and  grey  on  surface.     (Figs.  252,  253.) 

Table  28.— Case  9. 


SPFXTJfEX  TAKKN  FOR  ClXTlTlE 

Distance 

AEROBIC 

AK  AEROBIC 

FROM  Lesiox 

Bactkru 

Bacteria 

Tibia  1       .. 

0-8  cm. 

B.  coli 

-f  (including 
B.  jterfringens) 

2 

4-7    „ 

0 

0 

„      3       .. 

3-8    ,. 

0 

0 

,4       .. 

123    „ 

0 

0 

.,      o       . . 

173    „ 

0 

0 

Femur  (control)  . . 

•   . 

0 

0 

Knee-joint,    June  20 

,    . 

0 

0 

June  26 

B.  coli 

0 

Julv  1 

0 

Blood  from  vein,  July 

6 

0 

— 

Exposure  of  bone  to  sepsis  before  amputation. — 14  days. 
Tibia  in  ice. — From  2.45  p.m.  to  6  p.m. 

First  culture  taken  from  tibia.— 6.20  p.m.     Last  culture. — 6.45  p.m. 
Order  of  cultures. — Tibia  :   4,  2,  1,  3,  5. 
Femur  in  ice. — From  2.45  p.m.  to  7.40  p.m. 

Culture   taken    from   femur. — 7..50   p.m.,   1    cm.  beneath   erosion   of 
articular  cartilage. 

Case  10.— Pte.  L.     [Ref.   Xo.   205] 

Lesion. — Penetrating  side-to-side  high-explosive  shell  wound  of  outer  aspect  of 
knee-joint,  with  fracture  of  posterior  part  of  external  condyle  of  femur. 


Tabh  29.— Case  10. 

SPEcnrex  takes 

K)R    ClLTlRE 

Dl-CTAXCE                                                                                                        1      IVAFRORir 

FROM                                AEROBIC  BACTERIA                            R.^ra^ 

LESION-                                                                                            !      BACTKRIA 

Femur  1 
2 

3 
4 

••         5 
Tibia  (control) 
Knee-joint 

1 

0-5  cm.    1                      B.  coli 
1-8    „                                  0 
2-8    „                                   0 
3  8    .,                                   0 
8  5    .,                                    0 
0 
B.  coli,  staphylococcus 

0 
0 
0 
0 
0 
0 
0 

Exposure  of  bone  to  sepsis. — 21  days. 

Amputation. — 11  a.m. 

Culture  from  joint. — 2  p.m. 

First  culture  taken  from  bone. — 3.0  p.m. 

Order  of  cultures. — Femur  :  5,  4,  3,  2,  1. 


Last  culture. 
Tibia. 


,30  p.m. 
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Clhiical  History.— Wounded  April  26,  1916.  Lateral  incisions  for  drainage  of 
septic  knee  on  either  side  of  patella.  Orifjinal  ■wound  on  outer  side  of  joint  enlarged 
and   shell    removed.     Thomas   knee-splint   with    strapping   extension.     Amputation 

for  continued  sepsis. 

Examination  of  Limb,  May  17,  2.0 
p.m. — Lateral  incisions  for  drainage  granu- 
lating and  no  longer  communicating  with 
joint  cavity.  ^Moderate  distention  of  knee 
by  blood-stained  fluid,  which  discharged 
through  small  sinus  in  centre  of  granulating 
original  wound.  Early  erosion  of  articular 
cartilage.  Synovial  membrane  intensely 
injected.  No  extracapsular  extension  of 
pus.  Popliteal  vessels  intact.  Tibia  un- 
injured.    (Figs.  254,  255.  and  Table  29.) 


Fig.  254.  Fig.  255. 

Fig.  254. — Case  10.  Lower  end  of  femur  removed  by  amputation  21  days  after  injurj'. 
A,  Foul  wound  of  upper  and  back  part  of  external  condyle.  Penetration  slight,  probably 
on  account  of  nature  of  infection  {B.  coli). 

Fig.  255. — Case  10.     Transverse  section  of  femur  shown  in  Fig.  254  at  level  of  (1)  and  (2). 

Additional    Examples    of     Extensive     Penetration    Associated    witli 
Interruption   of   tlie   Medullary   Artery   (Cases  15,  10). 

Case  15. — Capt.  S.,  age  28. 

Lesion. — Rifle-bullet  fracture  of  middle  of  shaft  of  femur. 

Table  30.— Case  15. 


SPECIJIEX  TAKEX   FOn   CULTLUE 


Distance  from 
lesion 


aerobic 
Bacteria 


akaerobic 
Bacteria 


Upper  fragment  5 

3-4  cm. 

Streptococcus 

0 

Lower          „         1 

In  fissure 

4- 

2 

Limit  of  fissure 

+ 

3 

21  cm. 

+      ■ 

4 

7-8 

,    + 

Blood   from    vein, 

Nov. 

9 

0 

Exjiosure  of  bone  to  sepsis. — 42  days. 
Bone  in  ice.— From  9.45  p.m.  to  10.25  p.m. 
First  culture  talien  from  l)onc. — ^10.40  p.m. 
Last  culture  taken  from  bone.— 1 1 .0  p.m. 
Order  of  cultures. — Lower  fragment  :   4,  3,  2,  1 . 


Upper  fragment  :    5. 
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Clinical  Histonf. — Wounded  Sept.  29,  1916.  Left  out  thiriy  hours.  Septic  from 
commencement.  Tube  drainage  established  at  casualty  clearing  station.  Severe 
secondary-  haemorrhage  Nov.  9,  forty-one  days  after  original  injur\-,  when  imion  was 
commencing.  Blood  transfusion,  followed  by  amputation,  Nov.  10,  9.45  p.m. 
Pneumonia,     Death.  Xov.  14. 

Examination  of  Limb  after  Revioval, 
Xov.  10. — Entr\-  wound  on  outer  side. 
Pocket  of  pus  on  inner  side  of  femur 
beneath  vastus  intemus.  Haemorrhage 
from  small  undetermined  arter>-.  Con- 
solidation commencing  in  fracture  ; 
healthy-looking  callus  from  bone  ends. 
No  appearance  of  inflammation  of  bone 
away  from  fracture. 

Clin  ical  Pictur  e. — Septicaemia. 
{Fig.  256  and  Table  30.) 


The  interpretation  of  Case  15 
is  complicated  by  the  interval  of 
twenty  -  four  hours  between  the 
ha?morrhage  and  the  amputation. 
It  is  conceivable  that,  in  conse- 
quence of  the  diminution  of  the 
general  circulation  which  followed 
the  haemorrhage,  penetration  of  an- 
aerobes was  facilitated  during  this 
interval. 

Case  16,  although  no  opportun- 
ity of  examining  the  upper  fragment 
offered,  is  useful  as  a  control  on  this 
point,  since  only  forty-five  minutes 
elapsed  between  seeondar\^  hjcmor- 
rhage  and  amputation.  In  other 
respects  it  is  identical  with  Case  15. 


Case  16. — Lieut.  C,  age  21. 

Lesion.  —  Compound  comminuted 
fracture  of  shaft  of  femur. 

Clinical  i/isfori/.  —  Perforating 
wound,  just  above  middle  of  thigh, 
opened  up  at  casualty  clearing  station. 
Condition  on  admission  to  base  hospital 
Nov.  3,  1916,  one  of  collapse.  Severe 
secondary-  haemorrhage  Nov.  4, 10.0  a.m. 

Amputation  Nov.  4,   10.30  a.m.      Recurrence  of  haemorrhage  from  stump. 
Nov.  6,  1.30  a.m. 

Clinical  Picture. — Septicaemia. 

Examination  of  Limb  after  Removal,  Nov.  4. — Muscle  of  limb  normal  in  appearance 
except  in  immediate  neighbourhood  of  fracture  ;    no  gas.     {Fig.  257  and  Table  31.) 


Fig.  2.i6. — Case  15.  Upp)er  and  lower  frag- 
ments of  fractured  femur  removed  by  amputa- 
tion 42  days  after  injurj'  and  2-t  hours  after 
severe  secondary  haemorrhage.  Penetration  of 
whole  lower  fragment  by  anaerobes  associated 
with  interruption  of  medullary  artery. 


Death 


In  view  of  the  similarity  of  the  bacteriological  findings  in  Cases  15  and  16, 
no  stress  can  be  laid  on  the  possibilities  of  penetration  being  accentuated  by 
loss  of  blood  during  the  twentv-four  hours  which  followed  the  haemorrhage  in 
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the  former.  From  the  nature  of 
the  cases  it  is  difficult  to  draw 
any  conclusion  from  them  of  the 
effects  of  secondary  haemorrhage. 
The  bones  can  only  be  examined 
after  either  amputation  or  death. 
Amputation,  if  performed  at  all, 
is  usually  done  immediately,  and 
no  opportimity  occurs  for  any 
possible  effects  of  the  haemorrhage 
to  develop.  If  the  bone  were 
examined  after  death,  such  effects 
could  not  certainly  be  dissociated 
from  those  of  the  terminal  failure 
of  circulation. 


Fig.  257. — Case  16.  Lower  fragmont 
of  femur  removed  by  amputation  7  days 
after  injury  and  immediately  after  severe 
secondary  haemorrhage.  Penetration  of 
whole  lower  fragment  by  anaerobes. 
Control  on  Fig.   250. 


Table  31. — Case 

16. 

Sl'KCniEX  TAKKN"  FOR  CrTLTXJRE 

Dlstance 
from  lesiox 

AEROBIC 

Bacteria 

AXAEROBIO   BACTKIilA 

Femur  1 

Surface 

Streptococcus 

+  (including  B. 

perjnngens) 

2 

1-3  cm. 

,, 

+ 

„           ,, 

3 

3-3    ., 

+ 

>f                      V 

4        

80    „ 

-r 

JJ              '» 

.,        .5 

130    ., 

+ 

6         

19-7    „ 

+ 

Tibia,  cancellous  lK)ne  (control) 

0 

Tibia,  medulla  of  shaft  (control) 

0 

Blood    from   vein    1|    hours   after 

0 

amputation 

Exposure  of  bone  to  sepsis. — 7  days. 

Bone  in  ice. — From  11.10  a.m.  to  2.30  p.m. 

First  culture  taken  from  l)one.— 2.30  p.m. 

Last  culture  taken  from  bone. — 3..5  p.m. 

Order  of  cultures. — Tibia  :   1,  2.     Femur  :  6,  5,  4,  3,  2,  1 
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Additional  Examples  Illustrating  (1)  Early,  and  (2)  Late  Stages  of 
Penetration  in  Untreated  Septic  Fractures  {Cases  18,  20). 

1.  Early  Stage. 

Case  18.— Lieut.  O.,  age  23.     [Ref.  Xo.  209.] 

Lesion. — Penetrating  wound  of  external  condyle  of  femur.  High-explosive  shell 
fragment  and  cloth  embedded  in  cancellous  bone. 

Clinical  History. — Wounded  July  2,  1916.  Severe  multiple  wounds  by  high- 
explosive  shell.  Xo  surgical  interference  between  infliction  of  wound  and  resection 
of  knee-joint.  Entr\'  wound  over  most  prominent  part  of  condyle — i.e.,  ver\-  short 
track  in  soft  parts. 

Operation,  July  5.  4.30  p.m. — Wound  excised.  External  condyle  cut  away 
down  to  shell  fragment.  Subjacent  bone  black  and  foul-smelling,  with  crack  into 
joint.  Resection.  Joint  effusion  :  blood-stained,  sterile.  Transferred  to  England 
July  27. 

Examination  of  Bone  Removed,  July  5. — External  condyle  deeply  bruised,  and 
separated  from  rest  of  bone  by  complete  fissure.     {Figs.  238,  259.) 


Fig.  258.  Fig.  259. 

Fig.   258. — Case    18.     Lowe  extremity  of   femur  removed   by  operation   3J  days  after 
injury  (diagrammatic),  showing  shell  fragment  embedded,  and  penetration  to  0*8  cm.  by  ' 
anaerobes. 

Fig.  259. — Case'lH.    Tracing  from  upper  surface  of  resected  lower  end  of  femur  shown  in 
Fig.  258,  to  show  fissure,  bruise,  and  degree  of  penetration 'in  early  untreated  fracture. 

Table  32. — Case  18. 

IPFPIMFV  T»KKS-  FOR  niTiBP        i      DISTANCE  AEROBIC  ANAEROBIC 

i>PECIMEN   TAKEN   FOR  CLLTIRE        ,  ^^^^  j^^^^^^         BACTERIA  BACTERIA 


Femur  1 |     0-8  cm.  0  + 

„         2                 ..           ..119.,  0  0 

„         3                 ..           ..         31    „  0  0 

Knee-joint  at  operation                 . .  0  0 

Exposure  of  bone  to  sepsis. — 3h  days. 
Resection. — 1.30  p.m. 

Bone  in  ice. — From  4.30  p.m.  to  5.35  p.m. 
First  culture  taken  from  bone. — 6.0  p.m. 
Last  culture  taken  from  bone. — 6.40  p.m. 
Order  of  cultures. — 2,  1 ,  3. 

2.  Late  Stage. 

Case  20. — Pte.  A.     [Ref.    No.    210.]     Amputation  in  lower  third  of  thigh   for 
suppurative  arthritis  of  knee. 
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I^xanihiation  of  Limb  after  Removal. — Vertical  incision  5  inches  lon<j  on  either 
side  of  knee,  ojjeninij  joint  and  exposing  condyles.  Original  shell-enti^'  on  inner 
side.     CEdenia  of  leg.     Xo  injury  to  tibia  and  fibula. 

Bone  :  Foul  debris  in  situ  ;  fracture  into  joint  ;  transverse  pus-  track  between 
femur  and  subcrureal  bursa,  probably  a  tube  track. 

Knee-joint  :  Widely  open  ;  articular  cartilage  softened  ;  synovial  membrane 
sloughing  :  purulent  effusion.  Extracapsular  extension  of  pus,  commencing  from 
popliteus  bursa.     (Fia'i.  260,  261.) 


/    "A! 


Fig.  260. 


Fig.  201. 


Fig.  260. — Case  20.  Femur  removed  by  amputation  for  shell  fracture  (A)  of  internal 
condyle.     No  surgical   interference   with   actual   fracture.     Growth   throughout   bone. 

Fig.  261. — Case  20.  Femur  shown  in  Fig.  260  from  below  to  indicate  fissure  (A^) 
separating  internal  condyle  from  rest  of  bone.  Below  is  transverse  section  just  above  condyles 
to  show  penetration  from  fissure  A^. 


Table  "3.— Case  20. 


Sl'E(IMI':X  TAKKX 
FOR  Ct'LTtRE 


DlSTAXCE 
FROM  I>Ei?10X 


Aerobic  Bactf.ria 


anaerobic  Bacteria 


Femur  1  .Surface  B.  coli,  staphylococcus 

,,2  1-5  cm.  Staphylococcus 

„        .3  .^-0    ,,  B.  coli,  streptococcus 


+  (inchiding  B.  perfringeiis) 
0 
0 


Amputation. — 12.30  p.m.,  June  28,  1916. 
Limb  in  ice. — From  1  p.m.  to  3.5  p.m. 
First  culture  taken  from  bone. — 4  p.m. 
La.st  culture  taken  from  bone. — 4..30  p.m. 
Order  of  cultures. — 2,  1,  3. 
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The  cultural  reactions  of  20  strains  of  staphylococcus  isolated  from  freshly- 
examined  material  have  been  tested  as  far  as  j)ossible.  Of  these,  15  strains 
from  15  samples  of  bone,  taken  for  culture  from  8  patients,  gave  the  following 
reactions  :  acidity  in  glucose,  lactose,  mannite.  and  saccharose  ;  acidity  and 
clot  in  milk  ;  and  liquefaction  of  gelatin.  Five  strains  failed  to  liquefy  gelatin, 
and  two  produced  no  acidity  in  mannite.  None  of  the  cultures  showed  any 
marked  pigment  production. 

The  cultural  characteristics  of  a  number  of  B.  coli  isolated  from  bones 
are  arranged  in  Table  34,  in  the  grouping  suggested  by  INIacConkey  for  the 
differentiation  of  coliform  bacilli  on  the  basis  of  their  ability  to  ferment 
saccharose  and  dulcite.* 

Utilizing  the  data  of  this  writer  for  the  distribution  of  the  four  types  in 
various  materials  {Table  35),  and  having  regard  to  the  limited  sampling  in 
some  of  the  cases,  it  appears  that  the  figures  are  at  least  significant  of  the 
source  of  the  B.  coli  cultivated  from  bones,  since  the  closest  correlation  exists 
between  these  strains  and  those  recovered  from  the  soil. 


*  A.  X-  MacConkey,  "  Further  Observations  on  the  Differentiation  of  I^actose-fermenting 
Bacilli,  with  special  reference  to  those  of  Intestinal  Origin,"  Jour,  of  Ilijgiene,  ix,  86. 
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SHORl^    NOTES    OF 
RARE     OR     OBSCURE     CASES. 


NOTE  ON  A  CASE  OF  PEPTIC  ULCER  OPENING  INTO 
THE  TRANSVERSE  COLON. 

Bv    GILBERT    BARLIXG,   Birmingham. 

I  PERFORMED  gastrojejunostomy  on  a  patient,  age  5\,  in  April,  1914.  The 
symptoms  of  duodenal  ulcer  had  existed  for  about  four  years  previously, 
Avith  intermissions.  The  pain  eame  on  two  or  three  hours  after  food  as  a 
rule,  but  it  might  be  continuous  ;  it  was  often  extremely  troublesome  at 
night.  Vomiting  had  not 
occurred,  and  melena  had 
not  been  observed.  A 
rather  acutely  tender  spot 
existed  in  the  epigastrium 
a  little  above  the  mid- 
point between  the  um- 
bilicus and  the  tip  of  the 
fusiform  cartilage  ;  there 
was  also  complaint  of  ten- 
derness over  the  caecum. 

At  the  operation,  the 
duodenum  showed  a  cica- 
trix three-quarters  of  an 
inch  beyond  the  pylorus; 
and  extending  from  that 
point  to  the  second  portion 
of  the  duodenum  was  an 
ulcer  of  considerable  ex- 
tent, with  a  good  deal  of 
thickening  around.  A  no- 
loop  trans-mesocolic  gas- 
trojejunostomy was  made. 
For  the  inner  row  of  sutures 
catgut,  and  for  the  outer 
row  thread,  was  employed ; 

the  pylorus  was  puckered  with  a  purse-string  suture  ;  and  the  appendix,  tied 
down  by  old  adhesions,  was  removed,  as  was  a  band  of  old  adhesion  running 
from  the  apex  of  the  gall-bladder  towards  the  middle  of  the  great  omentum. 


Fk;. 


Skitigrani  showing  coniinunication  between 
jejunum  and  transverse  colon. 
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The  patient  made  a  good  recovery,  and  was  Mell  until  October,  1915, 
wlien  he  suffered  a  good  deal  of  discomfort  after  food,  this  coming  on 
after  a  period  of  overwork  and  exposure  to  chill.  By  rest,  dieting,  and 
alkalies  this  condition  disappeared,  but  it  created  a  suspicion  at  the  time 
that  the  patient  was  suffering  from  a  peptic  ulcer  near  the  point  of 
anastomosis. 

I  did  not  see  the  patient  again  until  February,  1917,  when  I  was  home  on 
leave  from  France.  I  then  learnt  that  in  the  summer  of  191G  he  went  to  work 
on  the  land,  and  about  October  suffered  from  severe  abdominal  pain  and 
vomiting  ;  the  vomit  was  described  as  actually  fjccal,  and  was  associated  with 
diarrhoea.  The  })atient  wasted  rapidly,  but  although  he  was  suffering  from 
vomiting  and  diarrhoea,  he  was  constantly  hungry.     For  some  time  he  took 

only  fluid  diet,  but  as  his  appe- 
tite was  good,  he  was  eventu- 
ally put  on  solid  food.  This 
appeared  to  suit  him  better ; 
vomiting  disappeared,  and  the 
diarrhoea  also,  and  at  this  time 
examination  of  the  motions 
failed  to  detect  undigested  food. 
At  varying  intervals  the  vomit- 
ing and  diarrhoea  recurred,  and 
later  a  phlebitis  of  the  left 
femoral  vein  arose. 

On  examining  the  abdomen 
at  this  time  (February),  I  could 
not  detect  any  particular  ten- 
derness, but  there  was  a  general 
appearance  of  abdominal  full- 
ness, as  though  the  intestinal 
tract  were  distended ;  the  patient 
looked  thin,  but  not  ill.  The 
diagnosis  made  at  this  time  was 
that  a  communication  existed 
between  the  stomach  and  colon 
T?,r.   ofii     <ai  • u     ■  ♦       1  *  or      between     the     colon     and'' 

riG.  2b3. — okiagram  snowing  foiinminication  between 

jejunum  and  transverse  colon.  jejunum,   probably    the    latter. 

Operation  was  considered,  but 
was  not  entertained,  owing  to  the  prospect  that  a  very  severe  procedure  would 
be  required — probably  excision  of  a  portion  of  the  colon,  excision  of  the 
existing  anastomosis,  and  a  re-anastomosis. 

I  did  not  see  the  patient  again  until  June  22,  when  I  learnt  that  since 
my  last  interview  he  had  had  various  ups  and  downs,  sometimes  taking  solid 
food  and  having  natural  motions,  at  other  times  suffering  from  vomiting  and 
diarrhoea.  Wasting  was  rather  extreme,  and  there  was  a  curious  patchy 
a-dema  about  the  patient,  chiefly  on  the  legs  and  abdominal  wall,  but  there 
did  not  appear  to  be  any  dropsy  of  the  abdomen.  At  this  time  I  secured  a 
radiographic  report  from  Dr.  Black,  as  follows  : — 
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Radiographic  Report. — A  meal  consisting  of  12  oz.  pudding,  and  containing 
5  oz.  barium  sulphate,  was  eaten.  This  was  watched  as  it  passed  into  the  stomach, 
and  it  was  seen  to  pass  directly  through  the  gastrojejunostomy  opening  without  any 
delay.  The  course  of  the  meal  was  then  difficult  to  follow.  Part  of  it  appeared  to 
travel  downwards  on  the  left  side  in  the  line  of  the  descending  colon.  It  was  not 
possible  to  say  whether  it  was  actually  in  the  colon,  or  whether  it  was  in  dilated 
small  intestine.  Another  part  of  the  meal  travelled  to  the  right,  apparently  along 
the  line  of  the  transverse  colon  towards  the  hepatic  flexure,  and  within  ten  minutes 
of  eating  the  caecum  was  seen  to  be  filled. 

Two  ])rints  of  the  negatives  accompany  this  note  (Figs.  262,  263),  con- 
firming the  diagnosis  of  a  communication  between  the  stomach  and  colon  or 
jejunum  and  colon. 

In  view  of  the  imtient's  general  condition,  operation  was  not  entertained, 
and  the  end  came  on  July  6,  1917.     Early  that  day  the  patient  was  seized 
with  intense  abdominal  pain, 
and  died  the  same  evening. 
The  diagnosis  made  was  per- 
forative peritonitis. 

At  the  autopsy,  there 
was  general  peritonitis,  with 
a  considerable  amount  of 
turbid  fluid  in  the  abdomen 
which  arose  from  a  leakage 
of  an  ulcer  in  the  jejunum 
behind  the  transverse  colon. 
Investigation  of  the  parts 
involved  showed  that  the 
junction  of  the  stomach 
with  the  jejummi  was  a 
good  one  ;  the  opening  was 
two  inches  in  diameter,  and 
the  margin  perfectly  sound. 
On  the  mesenteric  border  of 
the  jejunum,  immediately 
opposite   the    gastro-jejuno- 

stomy  opening,  there  was  an  ulcer  about  five-eighths  of  an  inch  in  diameter, 
but  not  very  deep  in  most  of  its  extent.  The  ulceration  spreading  from  this 
had  opened  into  the  transverse  colon,  where  there  was  a  communication  about 
half  an  inch  in  diameter  between  the  jejunum  and  colon  ;  the  margins  of 
this  opening  were  perfectly  healed  and  smooth. 

The  drawing  {Fig.  264),  for  which  I  am  indebted  to  Dr.  Cranston  Walker, 
shows  the  transverse  colon  laid  open,  with  the  healed  peptic  ulcer  in  the  colic 
wall ;  the  opening  shown  goes  straight  into  the  jejunum  near  the  point  of 
anastomosis  with  the  stomach. 


Fig.  264. — Showing  the  opening  leading  from  the 
transverse  colon  into  the  jejunum,  a.  Transverse  colon, 
laid  open  ;  b.  Omentum  ;  c.  Duodenum  ;  d,  Mesenterj'  ; 
e.  Jejunum. 
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INSTRUCTIVE    MISTAKES. 


A    COMPENSATION     CASE,    IN    WHICH    THE    MARKINGS    OF 

THE    NUTRIENT    CANALS    OF    THE    ILIUM    WERE 

MISTAKEN    FOR    FRACTURE: 

OF    INTEREST    FROM    AN   X-RAY    POINT    OF    VIEW. 

By   Staff-Surgeon  A.    K.    SMITH-SHAND,   R.N. 

B.  P.,  age  29,  shipwright,  reported  sick  about  the  first  week  in  March,  1915, 
in  his  ship,  complaining  of  pain  in  the  left  gluteal  region.  This  he  attributed 
at  the  time  to  "  getting  his  bedding  wet "  by  sea-water.  ^After  twelve 
days'  treatment  he  returned  to  full  duty.      Six  weeks  later  he  was  confined 


Fig.  26.'). — Skiagram 
similar  to  the  one  taken 
in  the  provincial  hos- 
pital, showing  only  one 
arm  of  the  V,  which 
was  mistaken  for  a  frac- 
ture. (The  arrows  in 
Figs.  2(55,  26fi,  and,  207 
point  to  the  markings  of 
thermit rient  canals.) 


to  his  hammock  for  ten  days  on  accoimt  of  the  pain.  From  May  till  August 
he  was  again  at  full  duty,  until  discharged  to  a  naval  hospital  with  similar 
symptoms.  lie  remained  under  treatment  in  hospital  till  Nov^  22,  when 
he  was  discharged  to  light  duty.  He  again  went  sick  in  January,  1916,  and 
after  treatment  in  the  same  hospital,  was  finally  invalided  out  of  the  Service 
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Fig.  26fi.  —  Showing 
characteristic  V-shaped 
mark  on  the  side  of  the 
alleged  fracture. 


Fig.  267.  —  Similar 
mark  seen  in  ilium  on 
side  opposite  to  the 
alleged  fracture. 
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on  PVb.  4.  The  diagnosis  of  his  condition  was  sciatica,  and  the  Board  of 
Survey  made  his  case  "  not  attributable  to  the  Service." 

Shortly  after  his  discharge  from  the  navy  the  man  attended  a  j)rovincial 
hos])ital,  where  he  received  treatment  in  the  form  of  massage  and  exercises. 
He  there  stated  that  on  Feb.  28,  1915,  while  in  his  ship,  he  fell  down  a 
forecastle  ladder,  bumping  from  step  to  step  for  a  distance  of  twelve  feet, 
but  that  no  ill  effects  were  noticed  till  a  week  later,  when  he  reported  sick,  as 
seen  above. 

He  was  .r-rayed  at  this  provincial  hospital,  and  reported  to  have  a  fracture 
of  the  ilium.  On  the  strength  of  this  report  and  of  the  history  now  given  by 
the  man,  his  case  was  taken  up  locally,  and  application  for  compensation  for 
injiuy  was  made  on  his  behalf  to  the  Admiralty. 

The  medical  department  of  the  Admiralty  caused  investigation  of  his  case 
to  be  undertaken.  In  addition  to  the  note  in  the  sick-bay  records  of  his  ship — 
that  he  attributed  his  pain  to  "  getting  his  bedding  wet " — his  messmates  and 
fellow- workers  were  cross-examined,  and  none  of  them  could  remember  his 
having  experienced,  or  having  spoken  of,  the  alleged  fall  down  the  ladder. 
The  Admiralty  then  directed  that  he  should  be  admitted  to  the  R.N.  Hos- 
pital, Chatham,  for  exhaustive  investigation. 

^-ray  examination  revealed  that  the  line  of  fissure  seen  in  the  ilium  was 
not  a  fracture,  but  was  an  abnormally  large  canal  for  a  nutrient  artery. 
There  was  no  evidence  of  sacro-iliac  disease.  There  was  lateral  curvature 
of  the  lumbar  vertebrae  to  the  right,  but  no  evidence  of  caries  of  the  spine, 
though  there  were  slight  signs  of  osteo-arthritis  of  the  vertebra'  in  that  region. 
Clinically  this  curvature  was  detected,  and  it  was  noted  that  there  was 
also  marked  rigidity  of  the  lumbar  spine.  The  further  past  history  was  elicited 
that  at  the  age  of  ten  years  he  had  an  attack  of  typhoid  fever,  and  this  was 
followed  by  "  trouble  in  his  back,"  and  subsequently  by  the  formation  of  an 
abscess,  which  was  opened  ;  the  scar  of  this  can  still  be  seen.  The  case  was 
therefore  probably  one  of  post-typhoid  '  rigid  spine,'  and  his  pain  was  due  to  a 
sciatica  in  combination  with  the  lumbar  curvature  and  rigidity.  The  history 
of  the  case— showing  that  he  walked  about  for  a  week  after  the  alleged 
accident — precludes  the  question  of  fractiu'c  of  the  pelvis  altogether. 

Fig.  265  shows  the  line  approaching  the  sacro-iliac  joint  which  was  mis- 
taken for  a  fracture.  Fig.  266,  which  takes  in  more  of  the  body  of  the  ilium, 
shows  the  characteristic  V  shape  of  the  two  nutrient  canals  joining ;  this  made 
it  evident  that  the  case  was  not  one  of  fracture.  Fig.  267  is  of  the  ilium  on  the 
other  side  of  the  same  patient,  and  in  it  the  marking  is  well  evident. 

The  interest  aroused  by  this  case  caused  me  to  examine  others,  and  a;-ray 
negatives  were  taken  of  every  suitable  case  that  came  to  the  a:-ray  room.  In 
only  a  very  few  was  a  similar  condition  found  in  the  iliiun  ;  but  in  two  or  three 
the  marking  of  the  ilium  was  as  noticeable  as  in  the  original  case. 

Further  investigations  were  carried  out ;  a  mmiber  of  ilia  were  procured 
and  a:-rayed,  and  the  marking  was  found  to  be  practically  constant,  though 
showing  numerous  and  marked  differences  in  arrangement.  The  most  common 
marking  is  that  of  a  V-shaped  appearance,  situated  on  the  body  of  the  ilium 
close  to  the  sacro-iliac  synchondrosis,  and  this  is  practically  the  only  one  that 
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Fio.  208.  —  Skiagram 
of  left  ilium  showing  two 
main  ventral  canals  (1, 
2)  and  two  main  external 
canals  (3^  4).  (In  Figs. 
268-273,  the  solid  lines 
in  the  diagrams  indicate 
ventral  canals,  the  dotted 
iine^:  oxtcrnnl  canals.) 


Fig.  269.  —  Skiagram 
of  left  ilium  showing  one 
main  ventral  canal  (1) 
and  three  main  external 
canals  (2,  3,  4). 
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Fig.  270.  — Skiagram 
of  left  ilium  .showing  two 
main  ventral  canals  (1, 
2),  one  being  in  the  sacro- 
sciatic  notch,  and  three 
main  external  canals  (3, 
4,  5). 


Fig.  271.  —  Skiagram 
of  right  ilium  showing 
one  main  ventral  canal 
(1)  and  four  main  exter- 
nal canals  (2,  3,  4,  5). 
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Fig.  272.  —  Skiagram 
of  right  ilium  showing 
two  main  ventral  canals 
(1,  2)  and  two  main  ex- 
ternal canak   (3,  4). 


Fig.  273. — -Skiagran* 
of  right  ilium  showing 
one  very  small  ventral 
canal  (1)  and  two  maini 
external  canals  (2,  3). 


/'   » • 
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Fig.  274.  —  Skiagram 
of  the  ilium  shown  in 
Fig.  269  after  injection 
with  bisniutl)  through 
the  largest  foramen. 
(1)  Main  ventral  canal  ; 
(2,   3,   4)    Main  external 


Fig.  275.  —  Skiagram 
of  ilium  with  the  outer 
table  sawn  away  to  .show 
the  common  meeting- 
point  of  the  canals. 
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is  apparent  in  the  ilia  .r-raycd  in  the  living  subject.  The  V-shaped  mark 
represents  the  canals  for  the  nutrient  arteries  and  their  veins.  The  more 
central  of  the  arms  of  the  V  is  found  to  belong  to  the  canal  which  gives  ingress 
on  the  anterior  or  internal  surface  of  the  ilium  to  the  nutrient  artery  derived 
from  the  iliolumbar  artery,  while  the  outer  arm  of  the  V  represents  that  leading 
from  the  foramen  on  the  posterior  or  external  surface  of  the  ilium  which  is 
supplied  by  the  nutrient  branch  of  the  inferior  gluteal  artery.  At  the  apex  of 
the  V  these  two  separate  arteries  anastomose,  and  from  that  common  point  send 
off  small  branches  to  nourish  the  surromiding  bone.  This  common  point  is 
situated  in  the  thickest  part  of  the  ilium,  just  aboN c  the  acetabulum,  and  above 
the  sciatic  notch,  and  it  is  reasonable  to  suppose  that  this  is  the  true  primary 
centre  of  the  ossification  of  the  ilium.  This  point  of  junction  is  practically 
constant. 

On  the  other  hand,  the  position  and  number  of  the  foramina  for  the 
entrance  of  the  nutrient  arteries  show  a  wide  diversity.  On  the  internal 
surface  of  the  ilium,  the  commonest  situation  for  the  foramen  appears  to  be 
at  the  lower  part  of  the  internal  iliac  fossa,  close  to  the  auricular  portion 
of  the  ilium  which  articulates  with  the  sacrum.  This  foramen  is  the  only  one 
of  any  size  in  about  50  per  cent  of  the  cases,  but  it  may  be  double  (see  Fig.  268)^ 
or  multiple,  in  which  case  the  canals  may  be  too  small  to  be  demonstrated  by 
the  X  rays  or  by  the  passing  of  a  bristle.  Another  position  in  which  an 
additional  or  alternative  foramen  is  found  is  just  below  the  iliopectincal  line, 
above  the  upper  border  of  the  great  sacro-sciatic  notch  (see  Figs.  270  and  272). 
This  also  invariably  leads  to  the  common  point  of  anastomosis. 

There  were  200  ilia  examined,  and  an  analysis  of  the  size,  number,  and 
position  of  the  foramina  in  them  brings  out  the  following  figures  for  the  internal 
surface  of  the  ilium  :  The  foramina  were  large  in  60  per  cent,  and  of  these 
28  per  cent  were  single,  32  per  cent  were  multiple  ;  they  were  medium  in  33 
per  cent,  and  of  these  6  per  cent  were  single,  27  per  cent  were  multiple  ; 
they  were  small  in  7  per  cent,  all  being  multiple.  In  about  35  per  cent 
the  foramen  in  the  sciatic  notch  was  found — occasionally  being  the  only- 
one  of  any  size  on  the  inner  surface  of  the  ilium. 

On  the  ejcternal  surface  of  the  ilium,  there  are  two  main  positions  for  the 
foramina.  The  commonest  is  that  mentioned  in  the  text-books,  viz.,  on  the 
convex  part  of  its  surface,  either  just  above  or  below  the  middle  curved  line. 
The  other  position  is  below  the  inferior  curved  line,  close  to  and  posterior  to  the 
anterior  inferior  spine.  In  each  position  the  canals  may  be  single  or  multiple,^ 
as  may  be  seen  in  Figs.  268  to  273. 

The  analysis  of  the  200  ilia  examined  as  above  gives  the  following  figures 
with  regard  to  the  external  or  posterior  surface  of  the  ilium  :  The  foramina 
were  large  in  54  per  cent,  and  of  these  49  per  cent  were  single,  5  per  cent 
were  miiltiple  ;  they  were  medium  in  20  per  cent,  and  of  these  13  per  cent 
were  single,  7  per  cent  were  multiple  ;  they  were  small  in  26  per  cent,  all 
being  multiple. 

These  figures  show  just  what  one  would  expect — namely,  that  if  the  canals 
are  of  large  or  medium  size,  the  majority  are  single  or  few,  whereas  if  they  are 
small,  the  majority  are  multiple — the  bone  receiving  its  nourishment  either 
by  a  few  large  or  by  many  small  arteries. 
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One  of  the  ilia  was  injected  with  a  bismnth  emulsion,  inidcr  pressure,  into 
the  largest  foramen  (see  Fig.  274).  The  skiagram  shows  that  not  only  are  all 
the  canals  continuous  through  their  common  meeting-point,  but  also  that 
small  branches  are  given  off  in  the  course  of  the  canals  to  supply  the  bone 
contiguous  to  them. 

Fig.  275  shows  an  ilium  which  had  the  outer  table  sawn  away  and  the 
canals  laid  bare  to  prove  that  the  latter  vuiited  at  the  common  meeting-point. 

The  200  ilia  examined  were  from  a  collection  in  the  Museum  of  the  Royal 
College  of  Surgeons,  which  included  bones,  male  and  female,  of  all  nationalities 
and  periods,  ranging  from  one  of  an  Egyptian  3000  years  b.c.  to  present- 
day  British  specimens.  The  pelves  of  gorillas  and  chimpanzees  were  also 
examined,  and  the  canals  were  present,  but  appeared  to  be  rather  small. 

To  summarize,  this  case  is  of  interest  in  demonstrating  that  it  is  possible 
to  mistake  an  unusually  large  nutrient  artery  in  the  ilium  for  a  fracture  of  that 
bone  ;  further,  it  brings  out  the  fact  that  the  nutrient  arteries  of  the  ilium, 
whatever  their  point  of  entry,  invariably  converge  to  a  common  meeting- 
point,  which  may  be  considered  the  true  primary  centre  of  ossification  of 
that  bone. 

In  conclusion,  I  beg  to  express  my  sincere  thanks  to  Professor  Arthur 
Keith  for  his  courteous  help,  and  for  the  facilities  afforded  me  for  examining- 
the  specimens  in  the  Museum. 
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TumoTirs,  Innocent  and  Mall^rnant :  their  Clinical  Character  and  Appropriate 
Treatment.  By  Sir  John  Bland-Sittox,  LL.D.,  F.R.C.S.  With  380  illustrations. 
Sixth  edition.     8vo.     Pp.  790.     1917.     London  :   Cassell  &  Co.  Ltd.     21s.  net. 

This  work  has  long  held  such  a  deservedly  high  place  in  medical  literature  that  the 
appearance  of  the  sixth  edition  after  a  life  of  nearly  a  quarter  of  a  centur\-  is  of  much 
interest  to  the  large  circle  of  readers  who  use  the  book  as  their  standard  work  of 
reference.  In  order  to  do  any  justice  to  the  new  edition  it  is  necessarj-  to  study  it 
carefully  and  compare  it  with  the  last  edition,  which  appeared  in  1911.  It  is  then 
found  that  the  author  has  not  been  content  merely  to  add  new  material,  although 
this  has  been  done  to  the  extent  of  upwards  of  one  hundred  pages,  but  that  he  has 
revised  ever\-  paragraph  with  scrupulous  care,  expunging,  modifying,  and  rearranging, 
so  that  the  reader  fails  to  find  any  evidence  of  the  patchwork,  and  sometimes  contra- 
diction, which  is  apt  to  creep  into  new  editions.  The  whole  work  has  a  refreshing 
appearance  of  youthful  vigour  about  it,  with  evidence  of  careful  discrimination  in 
the  selection  of  that  which  is  new.  The  value  of  Bland-Sutton's  Tumours  has 
always  been  largely  due  to  the  author's  intimate  practical  knowledge  of  comparative 
patholog\',  and  in  the  new  preface  reference  is  verj-  rightly  made  to  the  importance  of 
this  in  an  endeavour  '"  to  catch  the  deeper  meaning  of  many  tumours."  Xo  attempt 
is  made  to  define  the  term  "  tumour,'  but  it  will  be  noticed  that  in  the  section  dealing 
with  cysts  and  pseudo-cysts  the  interpretation  is  made  sufficiently  wide  to  include 
such  varying  conditions  as  hydronephrosis,  compound  ganglion,  and  hydrocephalus. 
The  reader  would  regret  to  lose  any  of  the  valuable  information  in  this  section,  but 
in  a  future  edition  some  reduction  in  this  direction  might  make  room  for  additional 
matter  elsewhere.  Of  the  new  material,  reference  may  especially  be  made  to  that 
dealing  with  the  hypophysis — which  is  illustrated  by  several  new  figures — the  pineal 
gland,  the  thj-mus  gland,  and  the  carotid  body.  Two  new  figures  are  added  from  a 
case  in  which  a  parathyroid  tumour  caused  sudden  death  from  pressure  on  the  trachea. 
A  useful  addition  will  also  be  found  in  the  remarks  on  primary  cancer  of  the  lung  and 
bronchi. 

The  chapter  dealing  with  the  cause  of  cancer  has  been  freely  modified,  and  recent 
investigations  receive  due  consideration.  The  author's  own  view  is  thus  expressed 
"  It  (the  cause)  is  most  probably  a  microparasite  which  stimulates  the  normal  epithe- 
lial cells  of  adult  individuals  to  multiply  and  produce  cancer  in  the  same  way  that  the 
male  gamete  or  spermatozoon  initiates  reproductive  changes  in  the  female  gamete 
or  o\nun."  Let  us  hope  that  the  author  may  live  to  know  whether  this  view  is  correct 
or  not. 

Throughout  the  work  Sir  John  Bland-Sutton  does  not  hesitate  to  express  his 
own  opinion  on  any  subject  which  is  debatable,  and  it  may  be  of  interest  to  note 
what  he  has  to  say  upon  various  matters  taken  almost  at  random. 

In  dealing  with  the  subject  of  h\-pemephroma,  reference  is  made  to  the  doubt 
expressed  by  Stoerk  and  others  as  to  the  origin  of  these  tumours  of  the  kidney  in 
adrenal  rests,  and  the  author  shares  the  opinion  that  the  majority  of  such  tumours 
are  carcinomas  arising  in  the  cells  of  the  renal  tubules. 

It  is  satisfactor\'  to  find  considerable  scepticism  expressed  regarding  the  genuine- 
ness of  most  cases  of  supposed  '  bronchogenous  cancer,'  and  a  new  figure  illustrates 
a  case  regarded  as  one  of  this  nature  in  which  the  tumour  of  the  neck  proved  to  be 
secondary  to  a  growth  in  the  sinus  pjniformis. 
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Most  surgeons  and  pathologists  will,  we  think,  agree  that,  "  although  adenoma 
and  eareinoma  occasionally  co-exist  in  the  same  breast,  an  adenoma  never  becomes 
transformed  into  a  cancer  "  :  but  exception  will  be  taken  by  many  to  the  statement 
that  ■'  chronic  mastitis  is  a  precursor  of  adenomas  as  well  as  a  precancerous  condition." 

In  dealing  with  the  subject  of  rodent  ulcer,  the  author  uses  the  term  as  synony- 
mous with  cancer  of  the  sebaceous  glands,  but  mentions  the  other  views  which  are 
held  as  to  the  origin  of  the  growth.  The  description  of  the  histology  of  the  growth 
is  not  altogether  satisfactory,  and  the  subject  is  one  which  seems  deserving  of  at  least 
one  illustration. 

It  is  well  known  that  much  difficulty  is  experienced  in  determining  the  real 
nature  and  origin  of  the  so-called  '  renal  sarcoma  '  of  infancy,  and  we  must  confess 
that  the  author's  view  that  the  epithelial  cylinders  in  these  tumours  are  due  to  the 
entanglement  of  uriniferous  tubules,  and  that  the  striated  spindles  are  derived  from 
the  muscle-tissue  of  the  renal  pelvis,  is  not  quite  convincing.  Can  striated  spindles 
be  derived  from  the  plain  muscle  fibres  in  this  situation,  and  how  shall  we  explain 
the  occasional  presence  of  cartilage  in  tumours  of  this  kind  ?  It  seems  far  more 
likely  that  the  tumours  in  question  are  composite  in  structure,  and  that  their  origin 
must  be  sought  in  some  early  phase  in  the  development  of  the  part. 

In  the  section  dealing  with  tumours  of  the  testicle,  reference  is  made  to  Paget's 
classical  case,  described  in  1855  as  a  malignant  enchondroma,  and  the  subsequent 
discover^'  in  the  tumour  of  columnar-celled  epithelium  by  Kanthack  and  Pigg 
which  led  them  to  regard  the  growth  as  a  carcinoma  with  cartilage  in  the  matrix. 
The  author  might  have  continued  the  history  of  this  tumour,  by  recording  the  more 
recent  discovery  by  Nicholson  of  epithelial  pearls  in  the  growth,  thus  showing  that 
it  must  be  regarded  as  a  teratoma. 

The  author's  views  with  regard  to  carcinoma  of  the  ovary  and  Fallopian  tube 
are  well  known,  and  are  summed  up  as  follows  :  "  Evidence  derived  from  reports  of 
cases,  and  my  own  experience  of  cancer  of  the  Fallopian  tube  in  which  the  post- 
operative histories  have  been  obtained,  support  the  opinion  that  cancer  of  the  tube, 
like  cancer  of  the  ovar\%  is  almost  invariably  secondary  to  a  focus  in  the  gastro-intes- 
tinal  tract."  The  following  practical  advice  is  a  natural  outcome  of  this  opinion  : 
■■  In  the  course  of  an  ovariotomv,  if  the  surgeon  encounters  a  solid  or  semi-solid 
ovarian  tumour,  especially  if  the  tumours  are  bilateral,  this  suggests  a  thorough 
examination  of  the  gastro-intestinal  tract  for  a  primary-  focus." 

This  short  notice  may  seem  altogether  inadequate ;  but  a  general  review  of  a 
work  of  such  established  reputation  seems  quite  superfluous  ;  it  speaks  for  itself. 
The  excellent  wood  engravings,  of  which  eighty  are  new,  and  many  apt  quotations 
from  the  poets,  help  to  make  our  satisfaction  with  the  book  particularly  complete. 


Cerebellar     Abscess:     Its     Etiology,     Pathology,     Diagnosis,     and     Treatment.       By 

IsinoRK  Friksnkr,  M.D.,  New  York,  and  Alfued  Bral  n,  M.D.,  New  York.     Large  8vo. 

Pp.   186,  with   10  plates  and   16  ilhistrations.     1916.     London:    William  Heinemann. 

12/6  net. 
This  is  a  short  book  constituting  ^n  epitome  of  the  writings  of  other  people  about 
the  anatomy  and  physiology'  of  the  cerebellum  in  brief,  and  about  cerebellar  abscesses 
in  detail.  A  discernment  on  the  part  of  the  reader  that  this  is  the  purpose  of  the 
authors  will  leave  him  satisfied  that  the  task  has  been  well  carried  out.  But  should 
he  entertain  the  hope  that  such  fruits  of  personal  experience  are  about  to  be  ofl'ered 
as  shall  aid  him  to  cope  with  the  difficult  problem  of  cerebellar  abscess,  a  good  deal 
of  disappointment  awaits  him.  A  full  description  of  the  authors'  experience  of  even 
one  case  would  have  enhanced  the  value  of  the  book,  whilst  the  experience  of  many 
cases  would  probably  have  re-adjusted  their  own  perspective  in  epitomizing  the 
writings  of  other  people. 

The  diagnosis  of  the  presence  of  a  cerebellar  abscess  is  a  notoriously  difficult 
problem,  and  few  lesions  are  so  elusive.  This  difficulty  is  not  lessened  by  a  mere 
recapitulation  of  every  symptom  and  sign  that  may  or  may  not  be  present, 
and    by   a    laborious   extraction    of   the    relative    percentages    of   signs    '  present ' 
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or  ■  ab.sent  '  in  the  cases  under  review.  Xot  even  an  exact  knowledge  of  the  age 
incidence  and  the  sex  frequency  of  the  lesion  (pp.  77.  78)  is  likely  to  lighten  the 
burden  of  the  surgeon  who  is  confronted  with  the  direct  responsibUity  of  the  treat- 
ment of  a  case.  Consequently,  in  the  chapter  on  "  Symptoms  '  no  clear  impression  is 
made  upon  the  reader  of  the  salient  clinical  features  of  a  cerebellar  abscess,  neither  is 
the  impression  left  that  a  cerebellar  abscess  frequently  has  no  salient  clinical  features 
at  all.  As  a  description  of  symptoms  that  may  be  due  to  any  lesion  of  the  cerebellum 
the  chapter  is  of  value,  and  contains  a  lucid  analysis  of  Barany's  recent  work  on 
spontaneous  deviation  and  induced  nystagnuis.  But  the  authors  fail  to  point  out 
that  these  tests  are  of  far  more  value  in  cases  of  cerel>ellar  tumour,  and  that  cases 
(»f  cerebellar  abscess  are  often  far  too  ill  to  be  submitted  to  the  former  one.  and 
are  frequently  far  too  young  to  co-operate  intelligently  in  its  execution  (they  note 
that  cerebellar  abscesses  are  most  common  between  the  ages  of  ten  and  twenty  years). 
As  for  induced  nystagmus,  it  has  long  since  lost  its  value  as  a  precise  diagnostic  sign, 
on  account  of  the  extreme  variability  of  its  response.  This  aspect  is  fully  developed 
under  the  heading  "  Differential  Diagnosis,'  in  the  sub-section  on  labyrinthitis,  which 
completely — but  possibly  unwittingly — discredits  the  value  of  the  test. 

In  this  same  chapter  a  grave  omission  from  the  differential  diagnosis  of  meningitis 
from  cerebellar  abscess  is  made.  Meningitis  is  a  ver\-  comnion  disease  and  cerebellar 
abscess  a  comparatively  rare  one,  st)  that  one  of  the  earliest  and  most  reliable  signs 
of  meningitis  ought  to  be  familiar  to  everj-one.  Irregularity  of  the  pulse-rate  is 
established  from  the  onset  in  meningitis — ^a  feature  of  the  disease  to  which  Horsley 
attached  the  greatest  importance,  and  he  re|>eatedly  emphasized  its  great  diagnostic 
\  alue  in  his  writings.  A  failure  to  refer  to  this  sign  must  be  an  oversight  on  the 
jmrt  of  the  authors.  Their  statement  that  "  Hysteria  may  be  mistaken  for  cerebellar 
abscess  "  must  be  accepted  as  possible,  but  we  think  that  it  would  have  been  more 
helpful  to  the  reader  if  it  had  not  been  suggested,  whilst  the  inclusion  of  the  differen- 
tial diagnosis  between  cerebellar  abscess  and  acute  |)olioenceplialitis  of  the  cerebellum 
would  have  been  a  valuable  substitute  in  its  place. 

The  etiology  of  cerebellar  abscess  has  been  collected  and  analyze*!  with  con- 
siderable care  from  groups  of  selected  published  cases,  and  the  authors  liave 
done  good  service  in  calling  attention  to  its  intimate  relationship  to  middle-ear 
disease.  "  Ninety-eight  per  cent  of  cerebellar  abscesses  are  otitic  in  origin  "'  is  the 
opening  sentence  of  their  preface,  and  it  is  probably  the  most  important  one  in  the 
Avhole  work.  It  might  well  be  printed  in  capital  letters,  and  repeated  at  inter\-als 
throughout  the  book,  to  indicate  in  what  direction  the  successful  treatment  of  cere- 
l>ellar  abscess  lies.  Nearly  90  per  cent  of  those  of  otitic  origin  follow  upon  chronic 
suppuration  of  the  ear.  the  small  remainder  being  the  sequel  of  acute  suppuration. 
Now  chronic  suppuration  of  the  middle  ear  is  a  preventible  disease,  and  its  existence 
on  a  large  scale  is  merely  the  fruit  of  indifference  to  the  remote  sequels  of  oral  sepsis 
improi>erly  cared  for.  With  the  disappearance  of  chronic  aural  suppuration,  cere- 
bellar abscesses,  with  their  difficult  diagnosis  and  unsatisfactory-  treatment  (the  average 
<ieath-rate  of  those  operated  upon  is  nearly  70  per  cent  I),  will  also  disappear,  and 
they  may  then  take  their  place  in  the  category-  of  preventible  diseases.  '  Diagnosis  ' 
and  •  Treatment  "  are  the  Dead  Sea  fruit  of  surgery-  when  contrasted  with  the 
harvest  of  ■  Prevention,"  and  if  the  authors'  book  should  serve  as  a  stimulus  to 
thought  in  this  direction,  then  they  have  written  probably  better  than  they  knew. 


La  Cbirurgia  degli  Organi  di  Movimento.    Edited  by  Dr.  V.  Pltti.    Pp.  159,  figures  19. 
Vol.  I,  fasc.  1.     Price  abroad,  35  lire. 

This  is  the  first  number  of  a  new  journal,  published  in  Bologna,  and  devoted  to  the 
surger\-  of  the  limbs,  or  orthopsedic  surgerj-,  as  it  has  become  the  custom  to  call  it. 
The  editor.  Dr.  Putti,  contributes  the  first  and  most  interesting  article,  on  the 
operative  mobilization  of  ankylosis  of  the  knee.  His  method  consists  in  a  ver\-  free 
exposure  of  the  joint  after  division  of  the  tubercle  of  the  tibia  and  turning  aside  the 
patella,  and  then  taking  free  flaps  of  fascia  lata  and  covering  the  raw  surfaces  of  the 
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femur  uiul  tibia.  The  tcndou^'of  the  (lutidriccps  is  Icnffthencd  artcr  a  z-shai)ed 
incision.  He  gives  details  of  six  cases,  in  wiiicii  all  except  one  acquired  from  sixty 
to  ninety  dejirees  of  movement.  The  main  criticism  about  this  ])rocedurc  is,  Ihal 
if  the  bone  ends  are  so  widely  exposed  as  to  ])ermit  of  their  beinf>-  enveloped  in  Ciisciii , 
this  can  only  be  secured  by  a  complete  sacrifice  of  the  lateral  and  crucial  lijiaincnts. 
the  absence  of  which  nuist  endanger  the  stability  of  the  limb. 

Other  articles  are  contributed  by  Dr.  Vanghetti  on  plastic  amputation  stumps, 
and  by  Dr.  Delitala  on  the  normal  and  jjathological  anatomy  of  the  tarsus  in 
relation  to  traumatic  lesions.  Dr.  Serra  describes  some  very  interesting  cases  of  the 
transplantation  of  bone  in  the  lunnan  subject,  in  which  he  had  the  opportunity  of 
examining  microscopically  the  grafted  area  at  varying  periods  after  the  operation. 
The  pictures  of  the  microscopical  preparations  are  exceedinglj'  clear,  and  afford  a 
demonstration  of  the  active  vitality  of  the  grafted  tissue. 

The  whole  publication  is  well  printed  and  splendidly  illustrated,  and  rei)resents 
a  vcr^'  real  addition  to  the  current  literature  of  orthopaedic  surgery. 


Common    Diseases    of   the    Male    Urethra.       IJy  Fuank  Kiud,  K.H.C'.S.     .Sv:i.     I'p.    i;{2, 
with  iiuiiKTous  ilhiht  rat  ions.     1!)17.     LoiuUm  :    Longnmiis,  (irceii  &  Co.     .1       int. 

Tims  small  book  is  an  essentially  practical  one,  dealing  with  the  diagnosis  and  cure 
of  gonorrhu'a  and  its  principal  complications  in  the  male.  Its  chief  value  consists 
in  the  precise  directions  given  as  to  examination,  instrumentation,  and  the  use  of 
irrigation.  It  is  a  practical  outcome  of  the  study  of  the  "  pathology  of  the  lixiiig." 
A  valuable  feature  of  the  work  consists  in  brief  notes  of  seventy  cases  ilhisl  ntliriii 
special  points  of  exceptional  interest  in  etiology  and  treatment. 


Notes  on  Military  Orthopaedics.  By  Coi-.  Sir  Rohkrt  .I()ni;s,  C.B.  8v<).  1*|).  1;J2. 
128  illustrations.  1017.  I^oudoii  :  For  tiic  iicd  Cross  Society,  Cassell  A:  Co.  l-td. 
•2  6  net. 

This  work,  which  bears  an  introductory  note  by  Sir  Alfred  Keogh  urging  the  import- 
ance of  orthopaedic  surger\-  for  the  militarj^  medical  officer,  is  an  attempt  to  present 
the  general  j)rinciples  of  limb  surgery  in  a  condensed,  authoritative,  and  clear  manner. 
It  is  an  ex  cathedra  statement  in  the  best  sense  of  the  term,  that  is  to  say,  it  is  an 
expression  of  the  clear  convictions  of  its  author  derived  from  his  own  unrivalled 
experience,  and  it  does  not  attempt  to  discuss  or  deal  with  conflicting  or  divergent 
vicAvs.  It  may  be  doubted  whether  the  methods  which  have  proved  invaluable  in 
the  treatment  of  deformities  of  children  are  equally  well  adapted  for  application  to 
gunshot  injuries.  This  criticism  is  particvdarly  apposite  in  considering  the  use  of 
the  abduction  frame  for  the  treatment  of  high  fractures  of  the  fenuir.  The  sections 
dealing  with  the  deformities  of  the  feet  and  disabilities  of  the  knee-joint  are  the  n)osl 
valuable  in  the  book,  whilst  those  relating  to  the  treatment  of  fractures  are  most 
open  to  criticism,  on  the  ground  tJiat  they  do  not  sufficiently  recognize  the  many 
<lifficulties  and  complications  of  the  subject,  and  the  need  for  a  correspondingly  varied 
technique  in  treatment. 


Medical   and   Surgical   Reports   of  the   Episcopal   Hospital,    Philadelphia.      Vol.  III. 
Pp.  356,  124  illustrations.     1915.     Philadelijhia  :    Wm.  .1.  Dounax. 

\Vk  heartily  congratulate  the  editor  of  this  volume.  Dr.  Ashley  Ashhurst,  on  the 
energy  and  enteq)rise  which  brought  together  such  a  large  number  of  valuable  papers 
from  the  workers  of  a  single  hospital  during  one  year.  As  most  of  the  ])apers  have 
already  ai)peared  elsewhere,  usually  in  one  (jf  the  American  ])eriodicals,  it  is  not  neces- 
sar\'  to  mention  them  in  detail.  The  most  notable  contents  of  the  present  volume 
are  the  articles  on  modern  bone  and  joint  surgery,  many  of  which  are  by  Dr.  Ashhurst 
himself,  and  those  on  the  diseases  of  the  eye  by  I>r.  Oram  King. 
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THOMAS    VICARY. 

1490-1562. 

Thomas  Vicary,  by  virtue  of  his  age  and  position,  was  leader  of  the  band  of 
surgeons  who  desired  their  calling  advanced  to  a  better  position  under  the 
Tudor  dynasty.  He  seems  to  have  gained  his  influence  by  his  personality 
more  than  by  his  \\Titings.  In  this  res|)ect  he  differed  from  Gale  and  Clowes, 
who  were  rough  and  pushing ;  from  Halle,  who  was  active  as  a  satirist  and 
persecutor  of  quacks  ;  from  Banister,  a  polished  gentleman  ;  and  from  Read, 
who  died  too  yoimg  to  do  more  than  lend  the  energy  of  youth  to  the  move- 
ment in  which  all  were  interested. 

The  facts  of  Vicar\'"s  life  are  few,  but  they  have  been  diligently  gleaned 
by  Dr.  J.  F.  Furnivall  and  by  Dr.  Xorman  Moore. 

He  was  probably  born  in  Kent  at  some  time  between  the  years  1490  and 
1500,  as  the  first  notice  of  him  occurs  in  Manninghams  Diar}',  where  he  is 
stated  to  have  been  "  at  first  a  meane  practiser  in  Maidstone  imtil  the  King 
advanced  him  for  curing  his  sore  Icgge." 

In  London  he  was  admitted  to  the  Barbers'  Company,  where  he  rose 
rapidly  imtil  he  became  Master  in  1530.  In  1540  the  Company  of  Barbers 
was  united  with  the  Guild  of  Surgeons  to  form  the  United  Company  of 
Barber  Surgeons.  This  union  lasted  imtil  1745,  when  it  was  dissolved,  the 
Barbers'  Company  continuing,  as  it  does  to  this  day,  on  the  original  site  in 
Monkwell  Street,  whilst  the  Surgeons  built  themselves  a  new  Hall  in  the  Old 
Bailey.  Vican>'  was  nominated  the  first  Master  of  the  United  Company,  and 
he  was  re-elected  to  the  Mastership  in  1546,  in  1548,  and  in  1557,  a  proof  of 
the  high  esteem  in  which  he  was  held  by  his  contemporaries,  for  no  one  after 
him  was  ever  chosen  so  often. 

In  1528  he  was  appointed  surgeon  to  King  Henr\'  VIII,  and  two  years 
later  he  was  granted  a  reversion  of  the  places,  held  by  Marcellus  de  la  More, 
of  Serjeant  Surgeon  and  chief  Surgeon  to  the  King.  The  reversion  fell  in 
during  the  year  1535.  Vicarv^  retained  the  post  until  his  death  in  1561,  and 
thus  ser\-ed  under  Henr\'  VIII,   Edward  VI,  Mar\%  and  Elizabeth. 

Like  the  Court  servants  of  the  time,  but  to  a  lesser  degree,  he  was 
rewarded  by  grants  of  confiscated  church  property.  In  1539  he  obtained 
the  beneficial  lease  for  twenty-one  years  of  the  rector\'  house  and  tithes  of 
the  recently  dissolved  Boxley  Abbey  in  Kent.  The  Abbey  had  been  cele- 
brated for  its  miraculous  rood,  ^vith  eyes  stirring  like  a  li\'ing  thing,  its  body 
boA>-ing,  its  forehead  frowaiing,  and  its  lower  lip  mo\'ing  as  if  about  to  speak. 
In  1541  he  bought  additional  lands  at  Boxley  from  Sir  Thomas  Wyatt,  the 
I>oet,  and  in  1542  he  was  appointed  with  his  son,  William,  a  Bailiff  of  Boxley 
Manor,  with  an  annuity  of  £10  a  year.  In  1557  he  was  rich  enough  to  lend 
money  to  the  United  Company  when  it  had  got  into  financial  difficulties,  and 
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there  is  a  minute  that  "  Mr.  Thomas  Vicary  shal  pave  and  discharge  the  debtes 
of  the  howse  and  shal  haue  the  plate  of  the  Crafte  in  pawne  or  pledge  untyl 
siiehe  tyme  as  the  sayde  summe  of  monnie  bee  unto  hym  payde  agyne."  In 
the  following  year  he  lent  £100  to  his  brother-in-law,  Thomas  Dunkyn,  yeoman, 
of  Shoreditch,  and  about  the  same  time  he  bought  a  house  and  some  land 
next  to  Boxley  Chureh. 

In  ISiS,  after  the  confiscation  of  the  Hospital  by  Henry  VIII,  the  citizens 
of  London  determined  to  re-endow  St.  Bartholomew's  Hospital  at  their  own 
cost,  and  Vicary  was  aj^pointed  a  governor,  with  three  surgeons  under 
him,  William  Cartar,  Thomas  Bailey,  and  George  Vaughan.  He  must  have 
carried  -out  his  duties  to  the  satisfaction  of  the  Mayor  and  his  brethren 
the  Aldermen,  because  in  1552  he  was  chosen  "  one  of  the  assistaunts  of  this 
howse  for  the  term  of  his  life,"  a  position  rarely,  if  ever  again,  bestowed  upon 
an  active  member  of  the  staff.  He  lived  in  the  Hospital,  was  assigned  the 
old  conventual  garden  for  his  use,  and  probably  carried  out  the  same  duties 
that  had  been  performed  by  the  Master  of  the  Hospital  in  pre-reformation 
times. 

He  married  twice  :  (1)  The  sister  of  Thomas  Dimkyn,  by  whom  he  had 
a  son,  William,  who  lived  to  manhood,  was  probably  a  surgeon,  but  died  before 
his  father  ;  and  (2)  Alice  Bucke,  whom  he  married  in  1547.  She  survived  him, 
and  inherited  most  of  his  property. 

Vicary 's  will  is  dated  January  27,  1560-1,  and  was  proved  on  April  7, 
1562,  so  that  he  probably  died  about  the  end  of  the  year  1561.  He 
bequeathed  his  best  gown  to  Robert  Balthrop,  whose  monument  is  behind  the 
organ  in  the  church  of  St.  Bartholomew-the-Less  ;  his  second-best  gown  to 
Thomas  Bayly  ;  his  gown  faced  with  black  satin  to  Robert  Muddesley  ;  his 
best  cloke  guarded  with  velvet  to  George  Bucke  ;  his  doublet  of  crimson  satin 
to  George  Vaughan,  with  other  little  mementoes,  which  show  that  he  was  on 
terms  of  friendship  with  his  colleagues.  To  the  United  Company  itself  he 
bequeathed  his  copy  of  "  Gui  de  ehauliac,  ii  billes,  ii  bowes  ;  ii  sheafs  of 
arrows  ;  ii  braces  or  arm-guards  ;  ii  shooting  gloves  ;  ii  skulls  ;  one  hand  gun 
and  one  jack  or  quilted  coat." 

Vicary  is  best  knoAvn  as  the  author  of  A  profitable  Treatise  of  the 
Anatomie  of  Man's  body,  which  is  generally  quoted  by  the  short  title  of  the 
later  editions  as  The  Englishman's  T'reasure.  The  earliest  known  edition 
is  that  of  1577.  It  is  dedicated  to  Sir  Rouland  Hayward,  the  president,  and ' 
the  governors,  by  William  Clowes,  William  Beton,  Richard  Story,  and  Edward 
Bayly,  then  surgeons  to  St.  Bartholomew's  Hospital. 

There  has  been  some  question  as  to  the  real  authorship  of  this  work.  The 
ate  Dr.  F.  J.  Payne  showed  conclusively  that  it  is  taken  mainly  from  an  un- 
known author,  writing  in  English  not  later  than  the  fourteenth  century,  who 
based  his  work  upon  Lanfrank  and  Mondeville.  The  unfinished  manuscript  of 
this  work  was  actually  in  the  possession  of  Dr.  Payne,  who  gives  two  theories: 
"  (1)  Vicary  was  in  possession  of  a  copy  of  this  treatise,  of  which  he  made  an 
abridgement,  using  the  same  words — sometimes  not  understanding  them — and 
brought  it  out  as  his  own.  One  does  not  like  to  think  of  Vicary  as  an  actual 
literary  impostor,  and  there  is  perhaps  another  supposition ;  (2)  Possibly  Vicary 
did  not  profess  to  be  the  author.      The  only  absolutely  known  printed  edition 
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was  brought  out  fifteen  years  after  his  death  by  his  colleagues  at  St.  Bartholo- 
mew's Hospital,  and  they  may  have  found  a  manuscript  tract  which  they 
regarded  as  Vicary's — though  he  never  laid  claim  to  it — -and  published  it  as 
his."  John  Halle,  a  contemix)rary  and  friend  of  Vicar\',  however,  makes  the 
following  statement  in  the  prologue  to  his  "  very  frutefuU  and  necessary  briefe 
worke  of  Anatomic,"  printed  in  1565 — that  he  was  somewhat  encouraged  to 
publish  it  "  by  the  example  of  good  Maister  Vicarie,  late  sargeante  chyriu-gien 
to  the  queenes  highnes  ;  Who  was  the  firste  that  euer  ^^Tote  a  treatyse  of 
Anatomic  in  Englyshe  (to  the  profite  of  his  brethren  chirurgiens  and  the 
helpe  of  younge  studentes)  so  farre  as  I  can  learne."  Vicary's  treatise, 
therefore,  was  known  as  early  as  1565,  and  it  is  stated  that  a  transcript  in 
manuscript  was  made  from  an  edition  supposed  to  have  been  published  in  1548, 
although  no  such  edition  is  now  known  to  exist.  The  most  plausible  explana- 
tion api>ears  to  be  that  Vicary  edited  the  fourteenth  century  author  in  exactly 
the  same  way  as  Halle  states  that  he  himself  edited  Lanfrank — that  is,  he 
borrowed  various  manuscripts,  compared  them  diligently,  omitting  some 
things,  adding  others,  and  then  allowed  his  finished  labours  to  be  circulated 
in  manuscript  in  much  the  same  way  that  Sir  Thomas  Browne  permitted  the 
Religio  Medici  to  be  circulated  a  hundred  years  later.  The  prestige  of  Vicarj^'s 
name  made  it  worth  while  in  1577  for  his  colleagues  to  print  from  one  of 
the  manuscripts,  and  the  result  was  so  successful  that  a  book,  which  was  in 
reality  worthless,  was  reprinted  in  1580,  1586,  1613,  1626,  1633,  and  1641, 
which  shows  the  low  standard  of  anatomical  knowledge  ruling  amongst  Barber 
Surgeons  in  the  sixteenth  century. 

Before  dealing  ^vith  anatomy  proper,  Vicary  enumerates  the  accidents 
and  qualities  required  in  a  good  surgeon  as  they  had  been  handed  down  from 
time  immemorial  and  had  gradually  become  standardized.  "  All  Authors 
doe  agree  that  a  Chirurgion  shoulde  bee  chosen  by  his  complexion  and  that 
his  complexion  bee  verie  temperate  and  all  his  members  well  proportioned. 
For  Rasis  sayeth  Whose  face  is  not  seemely  it  is  unpossible  for  him  to  have 
good  manners.  And  principally  it  is  necessarie  that  he  bee  a  good  liver 
and  a  keeper  of  the  holye  commaundements  of  God,  of  whome  commeth 
all  cunning  and  grace,  and  that  his  bodye  bee  not  quaking,  and  his  handes 
stedfast,  his  fingers  long  and  small  and  not  tremblinge  ;  and  that  his  left 
hande  be  as  rcadie  as  his  right  hande  with  al  his  lymmes  able  to  fulfil 
the  good  workes  of  the  soule.  And  I  doo  note  four  thinges  moste  sjiecially 
that  everA'  Chirurgion  ought  to  have.  The  first  that  he  be  learned  ;  the 
seconde  that  he  be  expert  ;  the  thirde  that  he  be  ingenious  ;  the  fourth 
that  he  be  well  mannered.  The  firste  (I  sayde)  he  ought  to  be  learned 
and  that  he  knowe  his  principles  not  only  in  Chirurgerj'  but  also  in  Physicke 
that  he  may  the  better  defende  his  Surgery.  Also  he  ought  to  be  scene  in 
Naturall  Philosophic  and  in  Granunar,  that  he  speake  congruitie  in  Logike. 
Also  he  must  knowe  the  Anatomic  ;  for  all  Authors  ^\Tite  against  those  Sur- 
geons that  worke  in  mans  body,  not  knowing  the  Anatomic  ;  for  they  bee 
likened  to  a  blinde  man  that  cutteth  in  a  vine  tree  for  he  taketh  more  or  less 
than  he  ought  to  doc.  The  seconde,  I  sayde,  he  must  be  expert,  for  he  ought  to 
knowe  and  to  see  other  mens  work  and  after  to  have  use  and  exercise.  He 
ought  also  to  be  ingenious  or  wittie  for  all  thinges  belonging  to  Chirurgerie 
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may  not  be  written  nor  with  letters  set  foorth.  He  must  be  wel  mannered 
and  that  he  have  all  these  good  conditions  here  folowing  ;  First,  that  he  be 
no  spous-brcaker  nor  no  drunkard.  For  the  Philosphers  saye  amongst  all 
other  thinges  beware  of  those  persons  that  followe  drunkenness,  for  they  be 
accompted  for  no  men  beeause  they  live  a  life  bestiall.  Likewise  a  Chirurgion 
must  take  heede  that  hee  deceive  no  man  with  his  vaine  promises  for  to  make 
of  a  smal  matter  a  great,  because  he  would  be  coiuited  the  more  famous.  And 
amongest  other  thinges  they  maye  neither  be  flatterers,  nor  mockers  nor  privie 
backbyters  of  other  men.  They  must  be  as  privie  and  as  secret  as  any  Confessour 
of  al  thinges  that  they  shal  eyther  heare  or  see  in  the  house  of  their  Pacicnt. 
Also  they  shoulde  doe  their  diligence  as  wel  to  the  poorc  as  to  the  riche.  They 
shal  never  discomfort  their  patient  and  shal  commaiuide  all  that  bee  about 
him  that  they  doe  the  same,  but  to  his  fricndes  speakc  truthe,  as  the  case 
standeth.  They  must  also  be  bold  in  those  things  whereof  they  be 
certaine  and  as  dreadfiill  in  all  perilles.  They  may  not  chide  with  the 
sicke  but  be  alwayes  pleasaimt  and  merie.  They  must  not  covet  any  woman 
by  waye  of  vylanie  and  specially  in  the  house  of  their  Pacient.  They 
shal  not  for  covetousnesse  of  money  take  in  hande  those  cures  that  be  un- 
curable,  nor  never  set  any  certaine  day  of  the  sickcman's  health  for  it  lyeth 
not  in  their  power.  They  must  also  be  gracious  and  good  to  the  poore  and  of 
the  riche  take  liberally  for  bothe.  And  see  they  never  prayse  themselves 
for  that  redoundeth  more  to  their  shame  and  discredite  than  to  their  fame 
and  worshij).  For  a  cimning  and  skilful  Chirurgion  neede  never  vauntc  of 
his  dooings  for  his  workes  wyll  ever  get  credite  ynough.  Likewise  that  they 
despise  no  other  Chirurgion  without  a  great  cause,  for  it  is  meete  that  one 
chirurgion  should  love  another  as  Christe  loveth  us  all.  And  in  thus  dooing 
they  shall  increase  both  in  vertue  and  cunning  to  the  honour  of  God  and 
worldly  fame.  To  whome  he  bring  us  all.  Amen  !  Heereafter  folowcth  the 
Anathommie." 

The  portrait  of  Vicary  which  illustrates  this  account  of  him  is  a  careful 
enlargement  by  Mr.  A.  T.  Yoiuig  of  the  figure  in  Holbein's  picture  which  still 
hangs  in  the  Barbers'  Hall  in  Monkwell  Street.  It  was  painted  about  1545 
to  commemorate  the  Union  of  the  Barbers  and  Surgeons,  and  is  therefore  a 
faithful  likeness  of  Vicary.  He  is  represented  in  his  Master's  gown,  with  the 
usual  head  covering  which  was  worn  under  the  hat  or  cap,  as  may  be  seen  iif 
the  portrait  of  John  Halle,  p.  182  of  this  Journal, 
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GUNSHOT    WOUNDS    OF    THE    CHEST. 

By    p.    T.    CRYMBLE,    Belfast. 

The  following  paper  is  based  on  fifteen  months'  work  in  a  base  hospital  in 
France  and  twelve  months'  in  a  similar  hospital  at  home.  In  France  the  cases 
were  usually  seen  in  from  one  to  seven  days  from  the  time  of  being  wounded, 
and  the  j?-ray  examination  was  made  with  the  object  of  determining  the 
condition  of  the  thorax  and  of  estimating  the  progress  of  the  case.  At  home 
the  examination  was  made  as  a  preliminary^  to  the  removal  of  a  foreign  body. 
Many  of  the  skiagrams  were  shown  at  a  demonstration  before  the  Etaples 
Medical  Society  in  March,  1916,  but  since  then  the  material  has  increased  in 
amoiuit,  and  one  has  had  the  experience  of  the  later  results. 

In  all  cases  the  usual  physical  examination  was  made  at  the  time  of  the 
ir-ray  examination,  in  order  that  the  skiagram  might  be  correlated  with  the 
physical  signs.  The  ^r-ray  examination  was  repeated  in  many  cases,  so  that 
records  were  obtained  of  the  various  stages  in  the  progress  of  the  condition. 
The  author  is  greatly  indebted  to  his  colleagues  on  the  staff  of  the  hospital, 
without  whose  co-operation  the  material  could  never  have  been  obtained ;  and 
his  thanks  are  due  to  Corporal  Loimds  for  his  great  assistance  in  the  a;-ray 
examination,  and  to  Corporal  Waterhouse  for  the  skill  and  enthusiasm  \vith 
which  he  produced  the  records. 

Material  upon  which  the  Paper  is  Based. 

Haemothorax     . .  . .  . .  59  cases 

Haemopneumothorax  . .  19  ,, 

Traumatic  infarct  . .  . .  15  „ 

Lung  collapse  . .  . .              . .  15  ,, 

Pyopneumothorax  . .  . .              . .  8  „ 

Pneumothorax  . .  ....  7  „ 

Subphrenic  abscess  . .  . .              . .  4  „ 

Various               . .  . .  . .              . .  30  „ 

Localization  of  foreign  bodies  . .  54  „ 

Total  cases         . .       211 

Apparatus.^ — In  France  a  Butt  outfit  with  a  16-inch  coil  was  used. 
Power  was  obtained  from  a  15  H.P.  oil  engine  which  worked  a  dynamo 
producing  a  continuous  current  at  220  volts.  Using  the  mercury  interrupter, 
one  obtained  2  to  4  milliamperes  in  the  secondary  circuit.  The  unijxjlar 
electrolytic  break  gave  up  to  10  milliamperes  in  the  secondary  circuit,  but 
it  frequently  stopped  working  in  the  middle  of  the  exposure,  and  was  not  used. 
An  accelerator  screen  was  employed,  and  a  five-second  exposure  gave  a  good 
result,  so  that  the  skiagram  could  be  obtained  whilst  the  patient  held  his 
breath.  The  vertical  screening  stand  was  indispensable,  and  enabled  one  to 
carry  out  the  examination  with  very  little  disturbance  to  the  patient.     It  was 
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fitted  with  a  stereoscopic   shift,   and  as   a  rule  the  anticathode  was   about 
22  inches  from  the  plate. 

Reduced  prints  were  made  of  the  15  x  12  in.  negatives,  and  the  accom- 
panying illustrations  have  been  made  from  these  prints.  Unless  otherwise 
stated,  the  rays  have  passed  dorso-ventrally  to  the  plate,  which  was  in  contact 
with  the  anterior  chest  wall.  The  right  side  of  the  chest  is  on  the  left  side 
of  the  ])icturc. 

The  Diaphragm.^ — The  movements,  shape,  and  position  of  the  diaphragm 
usually  show  some  alteration  in  wounds  of  the  chest,  and  inspection  of  the  two 
cupohc  of  the  diaphragm  on  the  fluorescent  screen  is  one  of  the  most  important 
parts  of  the  cC-ray  examination  of  the  chest. 

The  right  cupola,  bounded  above  by  the  clear  huig  area  and  below  by  the 
opaque  liver,  is  not  to  be  distinguished  from  the  general  abdominal  opacity 
except  in  the  presence  of  a  right  subphrenic  gas-bubble.  Superiorly  the 
cardiac  shadow  blends  with  it,  and  makes  an  angle  (cardio-hepatic  angle)  of 
almost  ninety  degrees  slightly  to  the  right  of  the  vertebral  column. 

The  left  cupola  is  normally  defined  by  the  gastric  gas-bubble.  Superiorly 
it  is  overlapped  to  a  considerable  extent  by  the  heart,  and  lateral  to  the  heart 
the  left  lung  area  defines  it. 

Immobility  or  Deficient  Movement  of  the  Diaphragm. — ^This  usually  follows 
a  perforating  wound  of  the  thorax,  the  diaphragmatic  cupola  on  the  injured 
side  being  affected.  Frequently  there  is  complete  immobility,  but  in  wounds 
of  the  lung  apex  only  slight  deficiency  may  be  noticeable.  It  is  also  an  accom- 
paniment of  hmg  collapse,  being  found  on  the  same  side  as  the  collapse. 

Comparison  with  the  sound  side  of  the  chest  will  usually  enable  one 
to  detect  the  defective  movement,  but  the  presence  of  any  large  supra- 
diaphragmatic huig  area  opacity  may  render  the  diaphragm  invisible  and 
prevent  the  observation  being  made.  If  the  opacity  be  due  to  fluid  in  the 
pleural  cavity,  the  diaphragm  may  be  visible  in  the  lying  position.  On  the 
left  side  the  presence  of  a  stomach  gas-bubble  will  enable  one  to  note  the 
position  and  movement  of  the  diaphragm  where  the  left  huig  area  is  opaque. 

What  is  the  explanation  of  this  defective  movement  ?  Is  it  a  protective 
reflex. fixation  of  the  diaphragm  in  the  position  of  expiration,  or  is  it  the  result 
of  deficient  air  entry  into  the  injured  lung  ?  The  former  explanation  would 
seem  to  account  for  those  cases  where  the  lung  area  above  the  immobile  ^ 
diaphragm  is  clear  and  there  is  no  evidence  of  any  obstruction  of  the  air  entry 
into  the  lung.  Case  14,  recorded  in  Fig.  307,  is  an  example  of  this  condition. 
On  the  other  hand,  it  would  seem  probable  that  if  a  lung  is  unable  to 
expand  owing  to  the  presence  of  fluid  in  the  pleural  cavity  or  to  laceration  of 
its  substance  or  to  obstruction  of  its  bronchi,  then  during  the  inspiratory 
enlargement  of  the  thoracic  cage,  the  diaphragm  will  be  drawn  upwards  and 
the  mediastinum  will  be  drawn  towards  the  affected  side.  This  retraction  of 
the  mediastinum  and  diaphragm  towards  an  opaque  lung  area  is  best  seen  in 
lung  collapse  {Fig.  296),  and  the  diaphragmatic  elevation  is  also  an  accompani- 
ment of  hamothorax. 

Adhesions  between  the  costal  and  diaphragmatic  pleura,  or  between  the 
visceral  and  diaphragmatic  pleura,  will  cause  permanent  defective  movement 
and  marked  alteration  in  the  shape  of  the  cupola  during  inspiration. 
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Shape  and  Position  of  the  Diaphragm. — The  right  cupola  of  the  diaphragm 
normally  occupies  a  higher  position  than  the  left,  and  it  shows  occasionally 
some  irregularity  of  outline,  due  possibly  to  the  shape  of  the  underlying  liver. 
The  left  cupola  has  a  regular  curved  outline,  and  may  surmount  a  stomach 
gas-bubble  or  stomach  and  colon  gas-bubbles.  During  inspiration  very  little 
alteration  in  the  shape  of  the  diaphragmatic  outline  takes  place.  There  is 
simply  a  descent  of  the  abdominal  contents  without  a  flattening  out  of  the 
diaphragmatic  cupoltc. 

Costo-diaphragmatic  adhesions  result  in  a  flattening  of  the  cupola  during 
inspiration,  and  adhesions  between  the  visceral  and  diaphragmatic  pleura 
anchor  the  diaphragm  to  the  hmg  and  cause  marked  angulation  during 
inspiration  {Fig.  323). 

Marked  elevation  of  the  right  cupola  was  noticed  in  a  case  of  subphrenic 
abscess  {Fig.  311),  where  a  large  quantity  of  gas  accumulated  between  the 
liver  and  the  diaphragm,  and  again  in  a  case  of  injury  to  the  right  phrenic 
nerve  {Fig.  309).  Marked  elevation  of  the  left  cupola  was  noted  in  left  lung 
collapse  {Fig.  297),  and  could  be  detected  both  radiographically  and  by  percus- 
sion by  the  abnormally  high  position  of  the  stomach  and  colon  gas-bubbles. 

Injur\'  to  one  side  of  the  chest  causes  diminution  in  the  inspiratory  descent 
of  the  diaphragm  on  the  affected  side.  No  case  has  shown  depression  of  the 
diaphragm  beyond  the  normal  inspiratory-  position,  nor  has  any  cupping  of  the 
upper  surface  of  the  diaphragm  been  observed. 

It  is  rather  difficult  to  explain  the  high  immobile  diaphragm  which  is 
the  usual  result  of  a  wound  of  the  chest.  It  is  not  a  reflex  contraction  of 
the  diaphragm  to  prevent  movement,  comparable  to  the  rigid  abdominal 
muscles  found  with  peritonitis,  since  the  diaphragm  is  in  the  fully  relaxed 
position.  Indeed,  if  it  is  a  reflex,  it  must  be  a  reflex  relaxation  of  the  muscle 
fibres.  There  is,  however,  a  second  possible  explanation  of  the  high  immobile 
diaphragm — ^namely,  that  the  diaphragm  is  unable  to  descend  because  the  air 
cannot  enter  the  lung  o^nng  to  the  compression  of  the  latter  by  the  fluid  in 
the  pleural  cavity.  In  a  case  of  apical  traumatic  infarct,  each  inspiratory  effort 
was  accompanied  by  an  indrawing  of  the  supraclavicular  region  and  the  upper 
intercostal  spaces,  and  it  is  reasonable  to  assume  that  the  diaphragm  will 
have  to  labour  against  this  abnormal  negative  pressure  when  air  is  unable  to 
enter  the  lower  lobe.  Perhaps  both  factors  come  into  play.  Strong  support 
is  given  to  the  reflex  theory  by  those  cases  where  the  immobile  diaphragm  is 
unaccompanied  by  any  other  change  in  the  lung  area,  or  when  only  a  small 
quantity  of  blood  is  present  in  the  phrenico-costal  space.  One  has  observed 
several  perforating  wounds  of  the  chest  which  at  first  showed  only  a  high 
immobile  diaphragm. 

Localization  of  Metallic  Foreign  Bodies  in  the  Thorax — The  localiza- 
tion may  be  carried  out  with  the  object  of  determining  the  anatomical  position 
and  reconstructing  the  track  of  the  missile,  or  as  a  preliminary  step  in  the 
removal  of  the  foreign  body.  In  the  latter  case  the  most  important  point 
for  the  surgeon  is  the  determination  of  the  portion  of  rib  in  closest  proximity 
to  the  foreign  body.  This  is  most  rapidly  arrived  at  by  screening  antero- 
posteriorly  and  laterally,  and  then  taking  stereoscopic  plates  with  the  foreign 
body  as  near  the  plate  as  possible.     Most  intrathoracic  foreign  bodies  would 


366        THE    BEITISH    JOURNAL    OF    SURGERY 

appear  to  be  brought  to  rest  by  the  thoracic  wall,  and  are  therefore  fairly 
accessible  to  the  surgeon.  Small  fragments  embedded  in  the  region  of  the 
lung  hilus  will  probably  be  left  in  situ. 

The  entire  examination  is  made  with  the  patient  in  the  lying  position,  and 
a  skin-mark  is  made  over  the  most  adjacent  portion  of  rib.  In  taking  the 
plates,  the  patient  is  instructed  to  hold  his  breath,  and  an  exposure  of  ten  to 
fifteen  seconds,  without  an  accelerator  screen,  is  usually  sufficient.  A  much 
longer  exposure  will  be  required  in  the  presence  of  a  hamothorax. 

Removal  of  Intrathoracic  Metallic  Foreign  Bodies. — One  of  the  most 
recent  text-books  on  military  surgery  advocates  no  siu-gical  interference  with 
intrathoracic  foreign  bodies  unless  the  foreign  body  is  in  the  pleural  cavity  and 
is  giving  rise  to  symptoms.  One's  own  experience,  limited  to  ten  operations 
for  the  removal  of  intrathoracic  foreign  bodies,  does  not  disclose  any  difficulty 
in  the  operation,  or  any  unfavourable  complication  in  the  convalescence.  Con- 
sequently one  is  accustomed  to  undertake  the  removal  of  the  foreign  body 
when  the  patient  complains  of  its  presence,  and  when  the  missile  is  within 
reach  of  the  surgeon's  finger  passed  through  a  small  thoracotomy  opening. 

Two  inches  of  rib  is  resected,  the  pleural  cavity  opened,  if  necessary  the 
lung  incised,  and  the  missile  located  by  palpation.  In  the  presence  of 
adhesions  no  pneumothorax  will  take  place ;  otherwise,  the  palpating  finger 
will  fairly  efficiently  block  the  pleura  opening.  Foreign  bodies  in  the  lung 
are  easily  palpated,  and  the  intervening  lung  tissue  is  often  friable,  so  that 
the  finger  can  accomplish  the  loosening  of  the  metal  fragment,  and  forceps 
can  extract  it.  After  the  removal  has  been  accomplished,  one  closes  the 
pleural  opening  and  tightly  sutures  the  overlying  muscles  and  skin  so  as  to 
prevent  any  communication  with  the  outside  air. 

The  wound  of  the  lung  appears  to  close  rapidly,  and  the  air  is  ultimately 
absorbed  from  the  pleural  cavity. 

Changes  in  the  Lung  Areas  produced  by  Wounds  and  Injuries. — The 
lung  area  is  the  clear  space  bounded  medially  by  the  mediastinum,  laterally 
by  the  ribs,  and  inferiorly  by  the  diaphragm.  Radiating  into  it  from  the  lung 
hilus  are  a  number  of  opaque  strands  which  are  produced  by  the  pulmonary 
vessels  and  the  bronchi.  The  presence  of  fluid  or  gas  in  the  pleural  cavity, 
laceration  or  inflammation  of  the  lung  substance,  and  massive  collapse  of  the 
lung,  can  be  diagnosed  by  the  alterations  they  produce  in  the  lung  area. 

Where  possible  the  patient  should  be  examined  both  in  the  lying  and 
sitting  positions,  with  the  rays  passing  dorso-ventrally,  and  the  apparatus 
should  be  capable  of  giving  a  satisfactory  result  with  a  plate  exposure  of  five 
seconds  with  an  accelerator  screen. 

Fluid  in  the  Pleural  Cavity. — This  gives  rise  to  an  opacity  of  the  hmg 
area,  the  extent  of  which  varies  with  the  amount  of  fluid.  A  very  large 
quantity  of  fluid  will  render  the  whole  of  one  lung  area  opaque,  whilst  a  small 
collection  will  produce  a  supradiaphragmatic  opacity  in  the  sitting  position. 
Where  the  whole  lung  area  is  not  abolished  in  the  sitting  position,  the 
upper  limit  of  the  fluid  opacity  is  ill-defined  and  irregular,  and  forms  a  marked 
contrast  to  the  clearly-defined  horizontal  gas-fluid  junction.  In  large  collec- 
tions of  fluid  the  clear  space  may  be  reduced  to  a  pear-shaped  area,  the  base 
of  which  corresponds  to  the  lung  apex,  the  stalk  being  directed  towards  the  lung 
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hilus.  In  the  lying  position,  fluid  disseminates  itself  through  the  pleural 
cavity,  and  produces  a  moderate  opacity  of  the  whole  lung  area. 

The  nature  of  the  pleural  fluid  cannot  be  determined  radiographically. 

Gas  in  the  Pleural  Cavity. — Gas  in  the  pleural  cavity,  associated  with 
retraction  of  the  hmg  from  the  lateral  thoracic  wall,  is  revealed  by  the  presence 
of  an  opaque  line  produced  by  the  lateral  margin  of  the  collapsed  lung,  and 
even  quite  small  collections  of  gas  may  disclose  themselves  in  this  way  {Fig. 
287).  In  the  large  pneumothorax,  or  in  the  presence  of  inflammatory  thicken- 
ing of  the  visceral  pleura,  the  structure  and  outline  of  the  whole  lung  and  its 
lobes  may  be  visible  {Fig.  286). 

Where,  however,  owing  to  fresh  or  old  adhesions  between  the  lung  and  the 
lateral  thoracic  wall,  lateral  collapse  of  the  lung  cannot  take  place,  the  gas 
tends  to  collect  in  front  of  the  lung,  and  fails  to  alter  the  appearance  of  the 
lung  area.  In  one  case,  a  large  pneumothorax  was  not  recognized  at  the  j:-ray 
examination,  but  was  subsequently  revealed  by  exploratory  puncture  and 
confirmed  by  post-mortem  examination.  It  was  foimd  that  the  lung  was  fixed 
by  fresh  adhesions  to  fractured  ribs  in  the  lateral  thoracic  wall,  and  that  the 
gas  had  collected  anterior  to  the  lung. 

In  some  cases  the  adhesions  are  unable  to  prevent  lateral  collapse  of  the 
apex  {Fig.  313),  or  the  lung  may  be  permitted  to  retract  upwards  from  the 
phrenico-costal  space. 

Gas  and  Fluid  in  the  Pleural  Cavity. — Gas  and  fluid  in  the  pleural  cavity 
give  rise,  in  the  sitting  position,  to  a  very  characteristic  picture,  since  a  sharp 
horizontal  line  (gas-fluid  jimction)  marks  the  junction  of  the  opaque  fluid 
with  the  transparent  gas  {Fig.  280).  During  screen  examination  this  gas-fluid 
junction  may  show  waves,  bubbles,  or  splashings. 

Traumatic  Infarct. — This  is  the  condition  produced  by  contusion  or  lacera- 
tion of  the  lung,  and  it  gives  rise  to  ah  opacity  of  the  lung  area  involved. 
In  Fig.  37  0  a  traumatic  infarct  of  the  lung  apex  is  illustrated.  AVhen  the 
lower  part  of  the  lung  is  involved,  some  difficulty  may  be  experienced  in 
distinguishing  a  traumatic  infarct  from  a  small  ha^mothorax,  and  frequently 
the  latter  condition  accompanies  the  former. 

Pneumonia.— Th\s  gives  rise  to  an  opacity  of  the  lung  area  concerned. 
There  is  no  displacement  of  the  heart. 

Massive  Collapse  of  the  Lung. — Pasteuri  has  described  this  condition,  and 
finds  it  in  association  with  diphtheria  and  as  a  sequela  of  abdominal  operations. 
The  diphtheritic  cases  are  the  result  of  paralysis  of  the  diaphragm,  and  the 
post-operative  massive  collapse  is  perhaps  due  to  a  reflex  immobility  of  the 
diaphragm  on  the  affected  side.  Sir  John  Rose  Bradford  has  pointed  out  the 
frequency  with  which  this  condition  accompanies  gunshot  wounds  of  the 
chest,2»3  and  was  the  first  to  suggest  massive  collapse  as  the  explanation  of 
certain  puzzling  radiograms,  the  outstanding  feature  of  which  is  opacity  of 
the  hmg  area  with  retraction  of  the  heart  towards  the  opaque  side. 

Radiograms  of  fifteen  of  these  cases  have  been  obtained.  In  twelve  the 
left  and  in  three  the  right  lung  was  affected.  In  ten  cases  the  collapse  was 
on  the  side  opposite  to  that  injured  (contralateral  collapse),  and  in  five  the 
collapse  was  on  the  same  side  as  the  injur\'  (homolateral  collapse).  The  missile 
may  penetrate  the  thoracic  cavity,  or  may  merely  give  rise  to  a  contour  track. 
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As  a  rule  the  lower  lobe  alone  is  affected,  but  in  one  case  the  whole  lung  was 
opaque,  and  in  one  case  the  apex  alone  was  affected.  The  evidence  obtained 
from  these  eases  is  summarized  in  the  following  paragraphs.  . 

1.  Opacity  of  a  lung  area,  associated  with  a  high  and  immobile  diaphragm 
and  with  retraction  of  the  mediastinum  towards  the  opacity,  may  follow  a 
contour  woimd  of  the  same  side  of  the  chest,  or  a  contour  wound  or  a  pene- 
trating woimd  of  the  opposite  side  of  the  chest. 

2.  The  opacity  gradually  disappears,  and  the  lung  area  is  normal  in  from 
one  to  two  weeks. 

3.  The  gradual  disappearance  of  the  opacity  is  independent  of  the  changes 
taking  place  in  the  opposite  side  of  the  chest  {Figs.  287,  288,  where  the  right 
pyopneimiothorax  continued  to  develop  and  the  left  lung  opacity  disappeared). 

4.  Complete  paralysis  of  all  the  muscles  of  respiration,  except  the  left 
half  of  the  diaphragm,  did  not  produce  any  opacity  in  the  lung  areas  {Fig.  309). 

5.  The  lower  lobe  of  the  left  lung  is  most  frequently  affected. 

6.  When  the  left  lung  is  affected,  there  is  a  marked  increase  in  the  area  of 
cardiac  pulsation,  due  to  the  retraction  of  the  lung  from  the  anterior  surface 
of  the  pericardium. 

7.  As  a  rule  a  man  lies  on  the  unwounded  side,  and  the  restriction  of  the 
respiratory  movements  on  the  dependent  side  may  be  a  factor  in  producing 
contralateral  collapse. 

8.  The  following  physical  signs  accompany  the  opacity  :  Inspection — 
diminished  respiratory  movement  in  the  affected  region.  Percussion — dullness 
posteriorly  over  the  opaque  area.  Auscultation — weak  breath  sounds  or  tubular 
breathing  over  the  opaque  area,  occasionally  accompanied  by  rales  or  rhonchi. 

9.  One  case  of  contralateral  opacity  with  retraction  of  the  heart  developed 
pneumonia  in  the  affected  hmg,  and  died.  The  post-mortem  showed  left  lobar 
pneumonia  and  pericardial  effusion.  On  the  posterior  aspect  of  the  right 
chest  there  was  a  large  gutter-wovmd,  which  was  entirely  superficial  to  the  ribs. 

10.  Examination  of  this  series  of  cases  still  leaves  the  cause  of  the  opacity 
uncertain. 

Bilateral   Affections. — 

Contralateral  collapse      . .  . .  . .  6  cases 

Wound  on  opposite  side  to  haemothorax  . .  5 

Double  haemothorax        . .  . .  . .  2 

Left  haemothorax — right  tubercle  . .  1 

Right  haemothorax — pericardial  effusion    . .  1 

,,       infarct — left  collapse  . .  . .  1 

,,       pneumothorax — left  collapse  . .  1 

,,       effusion — left  collapse         . .  . .  1 

„       apical  collapse — left  apical  traumatic 

infarct  . .  . .  . .  1 

„       empyema — left  pneumonia  ?  . .  1 

„      pneumothorax — left  effusion  . .  1 

Total  eases         21 

Contralateral  lung  collapse  accounts  for  a  large  number  of  bilateral 
affections,  and  in  some  of  these  the  wounded  side  showed  injury  to  the 
lung,  or  a  collection  of  fluid,  or  gas  and  fluid,  in  the  pleural  cavity.  The 
next    largest    group    includes    cases   of  double   ha-mothorax    and    of   ha-mo- 
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thorax  with  the  entty  Avound  on  the  opposite  side.  As  a  nile.the  missile 
enters  the  back,  passes  to  the  opposite  side  superficial  to  the  spine,  and  then 
penetrates  the  thoracic  cavity.  In  its  passage  it  may  injure  both  pleural 
cavities  and  produce  double  hacniothorax,  or  the  track  may  be  contour  on  one 
side  and  penetrating  on  the  other.  In  two  cases  the  missile  entered  the  breast, 
and,  after  a  contour  track,  penetrated  the  thoracic  cavity  of  the  opposite  side. 

Course  of  the  Missile.— It  is  sometimes  extremely  difficult  to  reconstruct 
the  thoracic  track  of  a  missile,  owing  to  the  possibility  of  free  movement  in  the 
pleural  cavity,  and  to  the  tendency  of  the  ribs  to  produce  deflection. 

The  following  cases  illustrate  these  points  : — 

1.  A  rifle  bullet  entered  the  right  back  14  cm.  to  the  right  of  the  spine  and 
on  a  level  with  the  nipple.  The  bullet  was  removed  from  the  left  breast  lateral 
to  the  nipple.  An  extensive  left  ha-mothorax  was  produced,  the  opacity 
extending  up  to  the  fourth  costal  cartilage,  and  being  accompanied  by  slight 
retraction  of  the  heart  to  the  left.  No  rib  fracture  could  be  detected,  but  one 
believes  that  the  bullet  passed  superficial  to  the  spine,  and  was  then  deflected 
by  a  rib  through  the  left  thoracic  cavity. 

2.  A  shrapnel  ball  penetrated  the  right  back,  superficial  to  the  seventh 
rib  and  7  cm.  to  the  right  of  the  spine.  It  was  localized  in  front  of  the  neck  of 
the  left  twelfth  rib,  and  a  fracture  of  the  left  seventh  rib  lateral  to  the  neck 
was  present.  The  ball  had  passed  transversely  from  right  to  left,  superficial 
to  the  spine,  fractured  the  seventh  rib  on  the  left  side,  and  entered  the  pleural 
cavity,  through  which  it  descended  to  its  resting-place. 

Physical  Signs. — Inspection,  palpation,  percussion,  and  auscultation  were 
carried  out  at  the  time  of  the  »r-ray  examination,  so  that  the  ordinary  physical 
signs  might  be  correlated  with  the  radiogram,  and  a  short  description  of  the 
usual  signs  accompanying  the  various  pathological  conditions  is  givxn  below. 
Deficient  movement  of  one  side  of  the  chest  is  one  of  the  most  reliable  signs, 
and  always  indicated  the  site  of  the  pathological  change.  Surgical  emphysema 
obscured  the  percussion  results  by  giving  rise  to  a  tympanitic  note,  and  radio- 
graphy alone  could  be  relied  on  to  give  an  accurate  diagnosis  in  such  cases. 
As  a  rule  surgical  emphysema  accompanied  pneumothorax. 

Auscultation  would  appear  to  be  somewhat  unreliable,  since  the  same 
pathological  condition  may  give  rise  to  tubular  breathing  or  weak  breath 
sounds,  or  a  patient  may  show  a  change  from  tubular  breathing  to  weak  or 
absent  breath  sounds.  It  has  been  suggested  that  this  tubular  breathing 
due  to  lung  collapse,  and  that  when  the  collapse  passes  off,  the  weak  breath 
sounds  of  fluid  in  the  pleural  cavity  appear.  Case  9  {Fig.  296) — a  tj^ical 
lung  collapse — does  not  support  this  theory,  since  it  showed  weak  breath 
sounds  and  no  tubular  breathing. 

HaBmothorax  (59  cases). — 

X-ray  Appearances  on  Affected  Side. — Diaphragm  high  and  immobile. 
Heart  displaced  to  sound  side.  An  opacity  of  the  lung  area  which  in  the 
sitting  position  occupies  the  whole  lung  area  or  leaves  a  variable  amount  of 
the  upper  region  clear.     Upper  margin  of  the  opacity  irregular. 

Percussion. — Posterior — dullness  up  to  the  inferior  angle  or  spine  of 
the  scapula.     Anterior — skodaic  resonance  (lower  pitched  and  tympanitic). 

Auscultation. — Posterior — breath  sounds  weak  or  absent :    in  5   cases 
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tubular  breathing  changing  to  weak  or  absent  breath  sounds  ;    in  9  eases 
tubular  breathing.     Anterior — weak  breath  sounds. 

Traumatic  Infarct  (15  cases). — 

X-ray  Appearances. — Opacity  in  region  of  lung  woiuid.  In  some  cases 
fragments  of  bone  or  metal  in  the  centre  of  the  opacity.  Posture  has  no 
effect  on  the  opacity.     Diaphragm  immobile  or  acting. 

Percussion. — Normal,  or  dullness  over  infarct. 

Auscultation. — Weak  breath  sovmds  over  infarct  ;  tubular  breathing  in 
1  case  ;    adventitious  sounds  in  2  cases. 

Surgical  Emphysema. — Present  in  3  cases. 

Haemopneumothorax  (19  cases).— 

X-ray  Appearances  (sitting  position). — Diaphragm  high  and  immobile. 
Heart  displaced  to  sound  side.  Opacity  of  lung  area,  surmoiuited  by  a  clear 
area,  the  junction  being  marked  by  a  sharp  horizontal  line.  Splashing 
sometimes   seen  at  the  gas-fluid  junction. 

Percussion. — Posterior — dullness  up  to  angle  or  spine  of  scapula,  some- 
times surmounted  by  a  tympanitic  note.     Anterior — skodaic  resonance. 

Auscultation.- — Posterior — weak  or  absent  breath  sounds  ;  tubular 
breathing  passing  to  weak  breath  sounds  in  2  cases  ;  tubular  breathing  in  3 
cases.       Anterior — weak  breath  sounds.     Coin  sound  in  3  cases. 

Surgical  Emphysema. — Present  in  5  cases. 

Pyopneumothorax  (8  cases). — 

X-ray  Appearances  (sitting  position). — Lung  area  opacity,  bounded  above 
by  a  sharp  horizontal  line  and  surmomited  by  a  clear  area.  Heart  displaced 
to  soimd  side.     Diaphragm  immobile  on  affected  side. 

Percussion. — Posterior — dullness  over  lower  part.  Anterior — very 
variable. 

Auscultation. — Posterior — tubular  breathing  or  weak  breath  sounds. 
Anterior — tubular  breathing  or  weak  breath  sounds.  {Note. — In  3  right- 
sided  pyopneumothorax  cases  tubular  breathing  appeared  over  the  left  base.) 

Pneumothorax  (7  cases). — 

X-ray  Appearances. — Outline  of  collapsed  lung  visible.  Unusually  clear 
area  lateral  to  lung  and  above  diaphragm,  Avith  absence  of  lung  mottling. 
Serous  effusion  soon  appears.  Adhesion  of  huig  to  injured  portion  of  thoracic 
wall  prevents  complete  collapse  of  lung.     Heart  displaced  to  opposite  side.    ^ 

Percussion. — Posterior — tympanitic.     Anterior^ — tympanitic. 

Auscultation. — Coin  sound.  Tubular  breathing  (amphoric  in  cases  of  open 
pneumothorax). 

Surgical  Emphysema. — Present. 

Collapse  (15  cases  :  left  12,  right  3  ;   contralateral   10,  homolateral  5). — 

X-ray  Appearances. — Opacity  of  lower  part  or  whole  of  one  hmg  area, 
with  retraction  of  heart  to  opaque  side.  Diaphragm  on  affected  side  high  and 
usually  immobile. 

Percussion. — Posterior — dullness. 

Au^scultation. — Tubular  breathing  or  weak  breath  sounds.  Occasionally 
rales  or  rhonchi. 

Rapid  recovery.  Slight  fever.  History  of  having  lain  on  the  unwounded 
side  for  a  period  subsequent  to  injury.  Increased  area  of  cardiac  pulsation 
Avith  left-sided  collapse. 
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PARTICULARS    OF    CASES. 

Case  1.— Copious  ri^rtit  hsemothorax  and  its  appearance  after  the  removal  of 
1600  c.c.   of  fluid. 

Oct.  6,  1916. — Penetrating  wound  of  the  ri^ht  side  of  the  chest. 

Oct.  10.  Physical  examination  :  Right  anterior — diminished  vocal  fremitus  ; 
dullness  ;  tubular  breathing.  Right  posterior — diminished  vocal  fremitus  ;  dullness  ; 
weak  breath  sounds. 

Radiogram  (Fig.  276).  Heart  displaced  to  the  left  ;  opacity  of  the  whole  right 
lung  area. 

On  Oct.  17.  1500  c.c.  of  bloody  fluid  were  aspirated  from  the  right  pleural  cavity. 
Oct.  18.     Physical  examination  :   Right  anterior — percussion  note  higher  pitched  and 


Fig.  27»J. — Ccue   1,  Oct.    10. 


Fig.  277. — C'ewe   1,  Oct.   18. 


more  tympanitic  than  on  the  left  side  (sitting)  ;  absent  breath  sounds.  Right 
posterior — vocal  fremitus  diminished  below  the  scapula  ;  dullness  below  mid-scapula  ; 
breath  sounds  absent. 

Radiogram  (Fig.  277).  Sitting  position.  Heart  has  moved  2  cm.  to  the  right 
since  the  previous  examination  ;  horizontal  gas-fluid  junction  in  right  lung  area  ; 
the  lung  apex  can  be  seen  above  the  level  of  the  fluid. 

Case  2. — Perforation  of  the  right  chest  -with  gradual  development  of  a 
pyopneumothorax. 

Aug.  22,  1916. — Entr\'  wound  3  cm.  to  the  right  of  the  spine  and  17-5  cm. 
above  the  iliac  crest.  Exit  wound  in  the  right  mid-axillary  line  1  cm.  below  the 
level  of  the  nipple.     Weak  breath  sounds  over  the  right  base. 

Radiogram   (Fig.  278).     A  small  quantity  of  fluid  in  the  right  pleural  cavity. 

Aug.  27.  Right  posterior — dullness  ;  diminished  vocal  fremitus  ;  pectoriloquy 
and  faint  tubular  breathing  below  the  level  of  the  spine  of  the  scapula  ;  apex  beat 
in  the  nipple  line  and  in  the  fourth  interspace. 

Radiogram  (Fig.  279).  Plate  in  the  sitting  position  shows  opacity  of  the  whole 
right  lung  area,  with  some  displacement  of  the  heart  to  the  left.  In  the  region  of  the 
first  and  second  interchondral  spaces  the  opacity  shows  increased  density,  and  this 
darker  area  is  limited  above  by  a  horizontal  line  or  gas-fluid  junction. 

On  Aug.  29,  a  needle  passed  through  the  posterior  wall  of  the  right  chest 
at  the   level  of  the   gas-fluid   junction  revealed   the    presence   of  gas   and  bloody 
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fluid  ;  30  c.c.  were  withdrawn.  On  Aug.  31,  700  c.c.  of  infected  bloody  fluid  and 
some  gas  were  aspirated  from  the  right  pleural  cavity.  Sept.  3.  Rib  resection 
and  drainage  of  the  right  pleural  cavity. 


Fig.  278.— Case  2,  Aug.  22. 


Fig.   279.— Case  2,  Aug.  27. 


Case  3. — Rapid  recovery  from  a  haemopneumothorax,  the  result  of  a  bayonet 
V70\ind. 

Oct.  20,  1915. — The  patient  received  numerous  bayonet  wounds  of  the  trunk 
and  extremities,  and  one  of  these  wounds  perforated  the  left  anterior  thoracic  wall. 

Oct.  23.  Physical  examination  :  Left  anterior  (lying  position) — hyper-resonance  ; 
loss  of  breath  sounds  ;  metallic  tinkling  and  coin  sound.  Left  posterior  (sitting 
position) — dullness  over  the  lower  part  and  loss  of  breath  sounds. 


Fig.   2S0.— Case  3,  Oct.  23. 


Fig.  281.— C'a«e  3,  Nov.   8. 


Radiogram  (Fig.  280).  Screen  examination  in  the  sitting  position  showed 
dense  opacity  in  the  lower  two-thirds  of  the  left  lung  area,  limited  above  by  a  gas- 
fluid  junction.  The  surface  of  the  fluid  showed  splashing.  On  Nov.  8,  a  second 
a:-ray  examination  (Fig.  281)  shows  that  the  thorax  is  now  normal. 

This  case  is  interesting  on  account  of  the  rapid  return  to  the  normal.  No 
exploratory  puncture  was  made  and  no  fluid  was  withdrawn. 
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CVtse  -i. — Haemothorax  becoming  a  haemopneuinothorax. 

Multiple  wounds  were  received  on  the  posterior  aspect  of  the  left  shoulder. 

Aug.  21,  1916. — Physical  examination  :  Left  anterior — skodaic  resonance.  Left 
posterior — dullness  and  tubular  breathing  over  the  lower  part. 

Radiogram  (sitting)  {Fig.  282).  Heart  displaced  to  the  right,  opacity  of  the 
left  lung  area  extending  as  high  as  the  third  costal  cartilage. 


Fig.  282.— Ccwe  4,  .\iig.  21. 


Fig.  283. — Case  4,  Sept.  4. 


Sept.  4.  Physical  examination  :  Left  anterior — percussion  note  lower  pitched 
than  on  the  right  side.  Left  pos/erior— -diminished  vocal  fremitus  ;  dullness  and 
weak  breath  sounds  over  the  lower  half  of  the  lung. 

Radiogram  (sitting)  (Fig.  283).  A  gas-fluid  junction  at  the  level  of  the  fourth 
costal  cartilage  ;   heart  displaced  to  the  right. 

Case  5. — Small  rigbt  haemothorax  developing  into  a  pyopneumothorax. 

The  patient  received  a  contour  wound  of  the  right  side  of  the  thorax  some 
days  previous  to  examination. 

Sept.  17,  1916. — A  piece  of 
metal  has  fractured  the  right  seventh 
and  eighth  ribs  near  the  angles, 
during  a  contour  course,  and  is  lying 
lateral  to  the  inferior  angle  of  the 
right  scapula. 

Radiogram  (Fig.  284).  Taken 
in  the  sitting  position  ;  opacity  in 
lower  part  of  right  lung  area  ;  heart 
displaced  to  the  left. 

Physical  examination  :  Abdo- 
men rigid  ;  dullness  and  tubular 
breathing  at  the  base  of  the  right 
lung. 

Sept.  19.  Physical  examina- 
tion :  Pulse  116  ;  respirations  36  ; 
temperature  103  .  Apex  beat  one 
inch    lateral    to   the   nipple    and    in 

the   fifth   space.      Both    sides   niove  Fig.  284. — Case  5,  Sept.  17. 

equally    in    respiration.       Abdomen 

slack.     Right    anterior — percussion  note  higher  pitched  than  on  the  left  side.     Right 
posterior — diminished  vocal  fremitus  ;    moderate  dullness   below  the  level    of   the 
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mid-scapula  ;  weak  breath  sounds  and  diminished  vocal  resonance.  Left  posterior — 
tubular  breathing  and  pectoriloquy  below  the  level  of  the  inferior  angle  of 
the  scapula. 

Oct.  13.  Radiogram  (sitting)  (Fig.  285).  Gas-fluid  junction  at  the  level  of 
the  second  costal  cartilage  on  the  right  side  ;  opacity  infero-lateral  to  this  jimction. 
The  edge  of  the  partially  collapsed  upper  lobe  is  visible  above  the  junction.  Physical 
examination  :     Right    anterior — diminished   expansion  ;     increased    vocal    fremitus  ; 


Fig.  285. — Case  5,  Oct.   13. 


Fig.   •im.—Case  5,  Oct.   20. 


percussion  note  higher  pitched  than  on  the  left.  Right  posterior — dullness  ;  dimin- 
ished breath  sounds  and  increased  vocal  resonance  below  the  level  of  the  inferior 
angle  of  the  scapula. 

Oct.  20.  Radiogram  (sitting)  [Fig.  286)  after  drainage  of  the  right  pleural 
cavity.  A  drainage  tube  passes  into  the  empyema  cavity.  The  thickened  visceral 
pleura  enables  one  to  distinguish  the  three  lobes  of  the  right  lung. 

Case  %. — Perforation  of  the  right  side  of  the  thorax  leading  to  collapse  of 
the    left    lung    and    a    right    pyopneiunothorax. 

July  14,  1916. — Received  wounds 
of  the  head,  leg,  and  right  side  of 
the  thorax,  and  was  knocked  against 
the  side  of  the  trench  so  that  he 
became  breathless  for  a  few  minutes. 
He  then  lay  on  his  left  side  for  forty-  / 
five  minutes. 

July  16.  Physical  examination  : 
Respirations  40.  Apex  beat  in  the 
fourth  space  half  an  inch  lateral  to 
the  nipple.  Deficient  movement  on 
the  left  side.  Marked  cardiac  pul- 
sation in  the  second,  third,  and  fourth 
left  interspaces.  Tubular  breathing 
over  the  left  lung  anteriorly,  and 
weak  breath  sounds  posteriorly. 

Radiogram    (sitting)   (Fig.    287). 
Heart  displaced  to  the  left ;   opacity 
of  the  lower  half  of   the   left    lung 
area.     A    piece    of   metal    has    per- 
forated the  right  axillary  thoracic  wall  and  has  given  rise  to  a  small  pneumothorax 
in  its  immediate  neighbourhood.     The  edge  of  the  partially  collapsed  lung  is  visible. 


Fig.   287.— Case  0,  July    IG. 
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July  22  Radiogram  (sitting)  (Fig.  288).  The  left  lung  opacity  has  cleared  up  ; 
there  is  still  displacement  of  the  heart  to  the  left.  Gas  and  fluid  are  now  present 
in  considerable  quantity  in  the  right  pleural  cavity,  and  there  is  a  double  gas-fluid 
junction,  one  at  the  level  of  the  second  and  one  at  the  level  of  the  third  costal 
cartilage. 

July  23.  The  right  pleural  cavity  was  drained,  gas  and  pus  escaping.  The 
temperature,  which  had  been  high,  came  down  to  normal  within  one  week,  and 
remained  so  for  a  fortnight,  when  it  began  to  show  nocturnal  elevations.  A  pure 
culture  of  Bacillus  perfriiigens  was  obtained  from  the  pus. 


Fig.  288. — Case  6.  July  22. 


Fig.  289.— Case  6,  Aug.   16. 


Aug.  16.  Radiogram  (sitting)  {Fig.  289).  The  right  lung  area  shows  a  partially 
collapsed  lung  covered  with  thickened  pleura  ;  lateral  to  the  lung  is  the  drained 
empyema  ca\ity  containing  a  drainage  tube  ;  crossing  the  lower  part  of  the 
left  lung  area  is  a  linear  opacity,  the  nature  and  origin  of  which  is  doubtful. 
The  heart  is  still  somewhat  displaced  to  the  left. 

The  jjatient  was  evacuated  to 
England  in  good  condition. 

Case  7.- — -Right  pneumothorax 
follo^yinK  fracture  of  ribs,  and 
stfLges  in  its  recovery. 

July  12,  1916. —  Was  blown 
u]}  by  a  shell  and  severely  bruised 
without  receiving  any  superficial 
wound. 

July  14.  Physical  examination  : 
Right  posterior — surgical  emphysema 
and  bell  sound  over  lower  half ; 
tubular  breathing  and  pectoriloquy 
medial  to  inferior  angle  of  the 
scapula. 

Radiogram  (lying)  (Fig.  290). 
Fracture  of  the  sixth,  seventh,  and 
eighth  ribs  near  their  angles,  on 
the  right  :,ide.  Collapse  of  the 
right  lung  and  displacement  of  the  heart  to  the  left.  Right  cupola  of  the 
diaphragm   immobile. 


Fig.  -290.— Case  7,  Juiv   U. 


voi,.    v.  —  NO- 
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July  25.  A  second  radiogram  (sitting)  (Fig.  291)  shows  a  gas-fluid  junction  and 
a  dense  shadow  in  the  cardio-hepatic  angle.  The  heart  has  returned  to  the  normal 
position.     The  pneumothorax  has  passed  into  a  seropneuniothomx. 

July  26.  Exploratory  puncture  of  the  right  jjleural  cavity  revealed  gas  and 
slightly  blood-stained  fluid. 


I'iG.   291.— Case  1,  July   25. 


Fig.  292.— Case  7,  Aug.  2. 


A  third  radiogram  (sitting)  (Fig.  292),  taken  Aug.  2,  shows  a  marked  improve- 
ment in  the  appearance  of  the  right  side  of  the  chest.  There  is  still  a  small  quantity 
of  fluid  in  contact  with  the  diaphragm. 


Case  8. — Pyopneumothorax. 

Sept.  16,  1916. — A  missile  traversed  the  right  side  of  the  chest  and  emerged  some 

distance  below  the  inferior  angle  of 
the  scapula. 

Sept.  24.  Physical  examina- 
tion :  Anterior — the  apex  beat  is 
in  the  fifth  interspace  3  cm.  lateral 
to  the  nipple.  Skodaic  resonance 
on  the  right  side.  Harsh  loud 
breathing  on  the  left  side.  Posterior 
— dullness,  pectoriloquy,  and  well-^ 
marked  bronchial  breathing  on  both 
sides,  extending  up  to  the  inferior 
angle  of  the  left  scapula  and  the 
spine  of  the  right  scapula.  The 
bronchial  breathing  is  much  louder 
on  the  left  side.  Free  discharge  of 
pus  from  the  exit  wound,  which 
opened  into  the  ])leural  cavity. 

Radiogram  (sitting)  {Fig.  293). 
Heart  displaced  to  the  left.  Opacity 
of  the  lower  part  of  the  right  lung 
area   extending    up  to   the   level   of 

the  fourth  costal  cartilage,     Superior  to  this  the  lung  can  be  seen  separated  from 

the  chest  wall  by  gas. 

Oct.  1.     Radiogram  (sitting)  {Fig.  294).     The  heart  has  returned  somewhat  to 

the  right.     The  opacity  of  the  right  lung  area  is  now   surmounted  by  a  gas-fluid 


Fig.   293.— C'a«e  8,  Sept.   24. 
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junction  at  the  level  of  the  third  costal  cartilage.  The  lung  is  separated  to  a 
greater  extent  from  the  chest  wall  by  gas,  and  there  is  an  excellent  demonstration 
of  the  partially  collapsed  lung. 

Oct.  3.     Rib  resection  below  the  inferior  angle  of  the  scapula.     Pus  was  only 
reached  on  passing  a  tube  upwards  for  several  inches.     There  appears  to  have  been 


Fio.   294.  -Cewe  8,  Oct.    1. 


Fig.   29.1. — Case   8,  Oct.    Hi. 


loculation  of  the  pleural  cavity,  the  lower  loculus  being  well  drained  by  the  exit 
wound. 

Oct.  16.  Radiogram  (sitting)  (Fig.  29;>).  Stereoscopic  plates  show  adhesion  of 
the  right  lung  to  the  diaphragm  and  anterior  thoracic  wall.  The  tube  is  §een 
entering  the  pleural  cavity,  and  the  fluid  level  is  lower  than  it  was  before  the 
rib  resection. 

The  patient  was  evacuated  to  England  in  good  condition. 

Case  9.  —  Contralateral  lung 
collapse  folio-wing  perforating  wound 
of  the  right  side  of  the  thorax. 

Jan.  28,  1916. — A  bullet  entered 
the  right  side  of  the  back,  12-5  cm. 
to  the  right  of  the  mid-line  and  on 
a  level  with  the  first  lumbar  vertebra. 
A  note  from  the  casualty  clearing 
station  states  :  "  Bullet  extracted 
over  eighth  rib." 

Jan.  31.  Physical  examination  : 
The  operation  wound  is  situated  over 
the  right  tenth  costal  cartilage.  The 
bullet  has  probably  perforated  the 
diaphragm  and  liver.  I^eft  anterior — 
apex  beat  in  the  fourth  left  inter- 
space 2-5  cm.  lateral  to  the  nipple. 
Skodaic  resonance.  Left  posterior — 
absence  of  breath  sounds  in  the 
lower  part. 

Radiogram  in  the  sitting  position  (Fig.  296)  shows  marked  displacement 
of  the  heart  to  the  left,  and  opacity  of  the  whole  left  lung  area.  The  left 
cupola  of  the  diaphragm  cannot  be  distinguished  The  right  lung  area  is  normal. 
Subsequent   a;-ray  examinations   showed  rapid  clearing  of   the   left    lung    opacity. 


Fig.   296. — Caae  9,  Jan.   31. 
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a  high  position  of  the  left  cupola  of  the  diaphragm,  and  a  return  of  the  heart  to 
the  normal  position. 

Feb.  1.  Second  radiogram  (sitting)  {Fig  297).  A  collection  of  gas  in  the 
stomach  and  colon  demonstrates  the  high  position  of  the  left  cupola  of  the  diaphragm. 
There  is  still  marked  opacity  of  the  left  lung  and  retraction  of  the  heart  to  the  left. 


Fig.   297.— Case  9,  Feb.    1. 


Fig.  298.— Ca«e  9,  Feb.   14. 


Feb.  14.  Final  radiogram  (sitting)  {Fig.  298).  The  heart  is  almost  normal  in 
position,  the  left  lung  opacity  has  disappeared.     A  ring  of  fuse  wire  marks  the  nipple. 

Case  10.  —  Contour  vround  of  the  left  side  of  the  thorax,  producing  a  contra- 
lateral lung  collapse. 

March  22,  1916. — Wounded  by  a  shell  fragment  which  entered  the  left  mid- 
axillary  line  at  the  sixth  rib,  passed  downwards  and  forwards  superficial  to  the  ribs, 
and  entered  the  abdominal  wall,  where  it  came  to  rest  at  the  junction  of  the  left 


Fig.  299. — Case  10,  April   2. 


Fig.   300.— C'a«e    10,  April    15. 


lateral  and  intertubercular  planes.     Immediately  after  being  wounded  the  patient 
lay  for  some  hours  on  his  right  side. 

April   2.     Physical   examination  :    Right  posterior — diminished    vocal   fremitus, 
dullness,  and  tubular  breathing  below  the  level  of  the  spine  of  the  scapula. 
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Radiogram  (Fig.  299). — Screen  and  plate  in  lying  position  show  marked  retrac- 
tion of  the  heart  and  mediastinum  to  the  right,  and  opacity  of  the  lower  third  of  the 
right  lung.     The  right  cupola  of  the  diaphragm  was  invisible. 

Subsequently  an  abscess  which  developed  in  the  abdominal  wall  was  opened,  and 
the  metal  fragment  removed.  Four  further  a;-ray  examinations  were  made,  and 
revealed  a  gradual  return  of  the  heart  to  the  normal  position,  and  clearing  of  the 
right  lung  area.  Owing  to  the  condition  of  the  abdominal  wall,  all  these  examin- 
ations had  to  be  made  in  the  Ijing  position. 

April  15.  Fifth  j'-ray  examination  (Fig.  300)  shows  the  heart  still  somewhat 
displaced  to  the  right,  but  otherwise  the  thorax  is  normal. 

Case  11 . — Superficial  wound  of  the  left  side  of  the  chest  producinsr  a  homolateral 
luug  collapse. 

April  11,  1916. — A  piece  of  shell  entered  the  left  posterior  axillarj'  line,  fractured 
the  ninth  rib,  and  rebounded  into  the  extrathoracic  tissues  superficial  to  the  fifth 
space  in  the  mid-axillar>'  line.  A  drainage  tube  was  passed  down  to  the  fractured 
rib. 

April  14.  Physical  examination  :  Apex  beat  in  the  nipple  line.  Left  anterior — 
skodaic  resonance  and  weak  breath  sounds.     Left  posterior — dullness  l)elow  the  level 


Fig.   301.— Case    11,  April   U. 


Fig.  302.— Case   11,  April  30. 


of  the  spine  of  the  scapula  ;  bronchophony  in  the  region  of  the  inferior  angle  of  the 
scapula. 

Radiogram  (sitting)  (Fig.  301).  Piece  of  metal  lying  in  the  left  lateral  thoracic 
wall  sujierfieial  to  the  fifth  interspace.  Fracture  of  the  upper  margin  of  the  left 
ninth  rib  in  the  posterior  axillan,-  line.  A  drainage  tube  passes  into  the  eighth  inter- 
space at  the  seat  of  fracture.  Opacity  of  the  left  lung  area.  Marked  retraction  of 
the  heart  to  the  left.     Abnormally  high  position  of  the  left  cupola  of  the  diaphragm. 

April  19.  Coarse  rhonchi  over  the  front  of  the  left  side  of  the  chest,  and  tubular 
breathing  over  the  posterior  aspect  inferior  to  the  spine  of  the  left  scapula. 

April  30.  Radiogram  (sitting)  (Fig.  302).  Marked  clearing  of  the  left  lung  area, 
associated  with  return  of  the  heart  to  the  normal  position. 

Case  12. — Left  travunatic  infarct  associated  -with  a  right  apical  collapse 
foUow^ing  perforation    of  the  upper  part  of  the  left  side  of  the  chest. 

A  missile  entered  the  left  back  medial  to  the  vertebral  border  and  at  the  level  of 
the' spine  of  the  scapula.  It  fractured  the  second,  third,  and  fourth  ribs,  and  emerged 
above  the  centre  of  the  left  clavicle.     Haemoptysis  on  two  succeeding  days. 

Oct.  4,  1916. — A  few  days  after  being  wounded  the  condition  was  as  follows  : 
Anterior — marked  indrawing  of  the  left  infraclavicular  region  during  inspiration  ;   a 
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higher  pitched  and  less  resonant  note  below  the  right  clavicle  ;   rhonchi  on  both  sides. 
Right  posterior — bronchial  breathing  above  the  spine  of  the  scapula. 

Eadiogram  (sitting)  {Fig.  'M)\\).  Both  cupola;  of  the  diaphragm  move  well. 
Retraction  of  the  superior  mediastinum  to  the  right.  Fracture  of  the  axillary 
portions  of  the  left  second,  third,  and  fourth  ribs,  with  separation  of  the  fractured 
ends.     Opacity  of  the  left  lung  apex,  extending  inferiorly  to  the  level  of  the  first 


Fig.  303.— Case   12,  Oct.   4. 


Fig.  304.— Cose   12,    Oct.   18. 


interchondral  space.     Opacity  of  the   right  lung  apex  extending   inferiorly  to  the 
level  of  the  second  interchondral  space. 

Oct.  12.  Physical  examination  :  Right  anterior — normal.  Left  anterior — 
diminished  expansion,  apex  beat  in  the  fourth  space  2|  inches  from  the  mid-line, 
higher  pitched  note.  Left  posterior — dullness  and  diminished  vocal  resonance  above 
the  spine  of  the  scapula,  weak  breath  sounds  above  the  mid-scapula. 

Radiogram.  Clearing  of  both 
lung  apices.  Superior  mediastinum 
returning  to  the  normal  position. 

Oct.  18.  Radiogram  (sitting) 
{Fig.  304).  Thorax  normal  apart 
from  the  fractured  ribs.  Physical 
examination  :  Left  anterior — dimiri,- 
ished  expansion  ;  diminished  vocal 
fremitus  ;  low  pitched  and  more 
tympanitic  percussion  note  ;  very 
weak   breath  sounds. 


Case  13. — Left  basal  pneumonia. 

July  3,  1916.— Patient  felt  out 
of  sorts.  July  4,  acute  pain  in  the 
left  side  ;    breathing  difficult. 

July  7.  Physical  examination  : 
Temperature  104''  ;  resjjirations  40  ; 
pulse  120.  Tubular  breathing  and 
coarse  crepitations  at  the  left  base. 


Fig.  30.5.— Cewe   13,  July   7. 


Radiogram    (sitting)    {Fig.  305).      Opacity   of  ^the    lower  half  of  the  left  lung 
area  ;   no  displacement  of  the  heart. 
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July  18.  Second  radiogram  (sitting)  (Fig.  306).  Left  cupola  of  the.  diaphragm 
somewhat  higher  than  normal  ;   complete  clearing  of  the  left  lung  area. 

yiote. — This  case  should  be  con- 
trasted with  lung  collapse,  where 
there  is  always  marked  displacement 
of  the  heart. 

Case  14.^ — ^Perforation  of  the 
rl£rht  side  of  the  chest  and  subphrenic 
region  resulting  in  a  right  empyema 
and  pericarditis.    Death. 

Sept.  14.  1916.— Wounded.  The 
missile  entered  the  fifth  interspace 
2  cm.  to  the  right  of  the  mid-sternum, 
and  emerged  14  cm.  to  the  right  of 
the  spine  and  10  cm.  above  the  iliac 
crest.  The  subsequent  post-mortem 
examination  showed  that  it  o|)ened 
the  right  pleunil  and  pericardial  cavi- 
ties, traversed  the  diaphragm.  liver, 
and  peritoneal  cavity,  and  emerged 
through  the  posterior  abdominal  wall. 

Sept.  18.  Physical  examination  :  Left  anterior — visible  pulsation  in  the  second, 
third,  and  fourth  left  interspaces  ;  apex  beat  in  the  fifth  interspace  7  cm.  lateral  to 
the  nipj)le  ;  percussion  note  higher  pitched  than  on  the  right  side  ;  the  stomach  note 
passes  up  to  the  fifth  interspace  in  the  left  mid-axillar\'  line.  Left  posterior — tubular 
breathing  and  pectoriloquy  extending  as  high  as  the  inferior  angle  of  the  scapula. 

Radiogram  isitting)  [Fig.  307).  Right  cupola  of  the  diaphragm  almost  mimo- 
bile  ;   left  cupola  of  the  diaphragm  invisible  ;    displacement  of  the  heart  to  the  left. 


Fi<;.   3f)o.     Case    13,  July    18. 


Fig.  307. — Case    14,   Sept.    18. 


Fig.  308. — Case   14,  Sept.  28. 


For  nine  days  the  patient  improved,  the  pulse  dropping  from  104  to  64,  the 
respirations  from  32  to  20,  and  the  temperature  to  99°. 

Sept.  25.  Weak  breath  sounds  and  rales  at  both  bases  ;  no  change  in  apex  beat. 
Next  day  sudden  acute  shooting  pain  along  the  track  of  the  mis.sile,  and  marked 
elevation  in  the  temperature,  pulse  rate,  and  respiration  rate. 

Sept.  27.  1050  c.c.  of  sterile  serous  effusion  removed  from  the  right  pleural 
cavity,  resulting  in  relief  of  the  dyspnoea  ;  tubular  breathing  at  both  bases  ;  dimin- 
ished vocal  fremitus  over  the  right  base. 

Sept.  28.  Radiogram  (sitting)  {Fig.  308).  Opacity  of  the  lower  twc -thirds  of 
the  right  lung  area  ;   marked  displacement  of  the  heart  to  the  left. 
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Fig.   309. — Case    15. 


Se})t.  29.  From  the  right  pleural  cavity  750  c.c.  of  .slightly  turbid  fluid  were 
removed. 

Subsequently  the  patient  seemed  to  improve.  The  temperature  fell  to  normal 
and  he  felt  much  better,  but  on  Oct.  9  he  died  quite  suddenly. 

Post-mortem. — Pericarditis  with  effusion  ;  right  empyema,  with  the  lung 
adherent  anteriorly,  and  a  small  loculation  postero-inferiorly  ;   subphrenic  adhesions  ; 

left  lung  normal. 

Note. — Rib  resection  and  drain- 
age of  the  right  pleural  cavity  should 
have  been  performed. 

CaJie  15.  —  Paralysis  of  all  the 
muscles  of  respiration  except  the 
left  half  of  the  diaphragm. 

A  shrapnel  ball  perforated  the 
right  sternomastoid  muscle  at  the 
level  of  the  fifth  cervical  vertebra, 
passed  obliquely  downwards  and  to 
the  left  posterior  to  the  carotid 
sheath,  traversed  the  neural  canal  of 
the  seventh  cervical  vertebra,  entered 
the  left  thoracic  cavity,  and  came  to 
rest  on  the  visceral  aspect  of  the  left 
third  rib,  lateral  to  its  neck. 

Screen   examination   showed  the 
right  cupola  of  the  diaphragm  immo- 
bile and  in  position  of  full  expiration. 
Radiogram.     A  plate  taken  in  the  sitting  position  and  at  the  end  of  a  full  inspira- 
tion is  reproduced  (Fig.  309).     The  left  nipple  is  marked  by  a  fuse  wire.     Note  the 
abnormal  difference  in  level  of  the  two  cupola;  of  the  diaphragm  and  the  peculiar 
appearance  of  the  heart. 

This  case  is  of  especial  importance  in  considering  the  etiology  of  lung  collapse, 
since  we  have  here  a  lung  retaining  its  normal  a'-ray  appearance  when  all  its  muscles 
of  respiration  are  paralyzed. 

There  was  loss  of  sen.sation  below  the  third  costal  cartilage  and  paralysis  of  the 
right  arm,  lower  extremities,  abdominal  muscles,  and  the  intercostals. 

The  patient  was  evacuated  [;to 
England,  and  the  further  course  of 
the  case  is  unknown. 

Case  16.  —  Right  apical  trau- 
matic opacity  surrounding  a  lung 
perforation. 

A  shrapnel  ball  entered  below  the 
junction  of  the  outer  and  middle 
thirds  of  the  right  clavicle,  and  was 
removed  from  the  muscles  of  the 
back,  one  inch  to  the  left  of  the  mid- 
line and  two  inches  above  the  in- 
ferior angle  of  the  scapula.  The 
percussion  note  over  the  right  apex 
was  higher  pitched  and  less  resonant, 
and  the  breathing  was  tubular. 

Radiogram  {Fig.  310)  is  repro- 
duced from  a  plate  taken  in  the 
sitting  position  and  at  the  end  of  a 
full  inspiration.  The  fu.se  wire  is  on  the  operation  wound.  Note  the  opacity  at  the 
right  apex  and  the  absence  of  fluid  in  the  pleural  cavity.  Two  weeks  intervened 
between  the  injury-  and  the  a;-ray  examination. 


Fig.   310.— Ca«e    Ki. 
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Fig.   311. — Caie    IT,   Nov. 


Case  17.  —  Accumulation  of  g£is  bet\7een  the  right  cupola  of  the  diaphragm 
and  the  liver. 

Oct.  16,  1915. — Wounded  in  the  eaecal  region.  An  operation  was  performed  in 
a  casualty  clearing  station,  and  no  perforation  of  the  bowel  found.  Was  admitted 
to  this  hospital  with  a  diagnosis  of  peritonitis  and  right  basal  pneumonia. 

Signs  and  Symptoms. — Tempera- 
ture was  of  a  septic  t>-pe,  being 
elevated  at  night  and  normal  in  the 
morning  ;  blood  -  stained  sputum  : 
dullness,  tubular  breathing,  and  fine 
rales  at  the  right  base  ;  swelling  and 
tenderness  in  the  epigastrium. 

Percussion.  — •  Along  the  right 
nipple  vertical  line  one  passed  from 
normal  lung  note  to  a  t>"mpanitic 
note  at  the  fourth  costal  cartilage. 
This  was  maintained  to  the  costal 
margin,  where  it  passed  into  a 
narrow  band  of  liver  dullness. 

Nov.  6,  1915.  Radiogram  (Fig. 
311).  The  right  cupola  of  the  dia- 
}>hragm  forms  a  thin  opaque  septum, 
convex  upwards,  between  the  much 
diminished  right  lung  area  and  the 
large  suprahepatic  gas-bubble.  This 
gas-bubble  extends  from  the  eighth 

to  the  tenth  rib.     Slight  respirator^'  movement  was  obser\ed   in  this  part  of  the 
diaphragm. 

Nov.  7.  A  portion  of  the  tenth  rib  was  removed  in  the  right  anterior  axillary  line 
by  Major  Maynard  Smith.     A  large  quantity  of  gas  and  a  little  pus  were  evacuated. 

Nov.  9.     Discharge  of  faeces  from  the  operation  wound. 

Nov.  16.  A  second  radiogram  showed  a  ver\'  marked  diminution  in  the  size 
of  the  right  subphrenic  gas-bubble.  The  patient  was  shortly  afterwards  evacuated 
to  England  in  good  condition. 

Case  18. — Aneurysm  of  the  ascending  arch  of  the    aorta,  due  to  disease. 

The  patient  was  atimitted  to  the 
base  hospital  with  the  diagnosis  of 
aortic  aneurx'sm. 

Physical  examination  :  Apex  beat 
in  the  fifth  space  half  an  inch  lateral 
to  the  nipple  ;  pulsating  area  below 
the  right  clavicle  :  weakness  of  the 
left  radial  pulse  :  right  infraclavicular 
and  parasternal  area  of  dullness  ; 
systolic  and  diastolic  murmurs  at 
the  apex  and  base. 

Radiogram  (Fig.  312).  A  large 
abnormal  sharply  -  defined  opaque 
area  projects  into  the  right  lung 
area  froni  the  mediastinum.  No 
expansile  pulsation  could  be  seen, 
but  the  medial  portion  of  the 
lower    border    showed     slight    move- 

FiG.   312. — Case    18.  ment. 

Case  19. — Adhesion  of  lung  to  fractured  ribs,  preventing  complete  collapse  of 
the  lung  in  a  pneumothorax. 

Large  gutter  wound  of  the  back  below  the  inferior  angle  of  the  right  scapula. 
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Fig.  313.~-Case   19. 


Sept.  19,  1916. — Physical  examination  :  Right  anterior — low-pitched  and  resonant 
percussion  note  ;  complete  absence  of  breath  sounds.     Right  posterior — hijih-pitched 
dull    j)erctission    note  ;     no    breath 
sounds. 

Radiogram  (sitting)  {Fig.  313). 
The  ri«iht  cupola  of  the  diaphragm  is 
depressed,  and  shows  slight  res})ira- 
torj'  movement  :  it  is  siirmoimted  by 
an  abnormally  clear  area.  The  heart 
is  disj)laced  to  the  left.  The  outline 
of  the  ])artially  collapsed  right  lung 
is  visible,  and  the  following  points 
are  demonstrated  :  (a)  The  lung 
apex  has  collapsed  by  the  ai)proxi- 
mation  of  the  axillar\',  costal,  and 
mediastinal  surfaces  ;  (b)  The  lung 
is  adherent  to  the  ninth  rib  in  the 
mid-axillary  line  ;  above  this  point 
it  has  receded  medially  from  the 
chest  wall  ;  (c)  The  lower  part  of 
the  lung  has  shrunk  upwards  so  as 
to  leave  a  clear  gas-containing  space 
between  the  lung  and  the  diaphragm. 
Fracture  of  the  right  ninth  and  tenth  ribs,  lateral  to  the  angles. 

Case  20.  — -  Drained  empyema  show^ing  partial  subdivision  into  two  cavities 
by  an  adhesion  of  the  lung  to  the   lateral   chest  -wall. 

Admitted  to  hospital  with  a  septic  wound  of  the  left  hand  and  a  temperature 
showing  an  evening  rise  to  103°.     Cough,  sweating,  and  signs  at  both  lung  bases 

developed.  A  needle  passed  into 
the  right  posterior  axillary  line  drew 
off  some  blood. 

April  30,  1916. — X-ray  examina- 
tion four  weeks  after  admission  into 
the  hospital  showed  :  opacity  of  the 
right  lung  area  ;  right  cupola  of  the 
diaphragm  invisible  ;  displacement 
of  the  heart  to  the  left. 

May  1.  P^xploratorj'  puncture 
below  the  inferior  angle  of  the  right 
scapula  revealed  pus  ;  a  rib  was 
resected  and  the  right  pleural  cavit>^ 
drained. 

June  9.  Radiogram  (Fig.  31 1-). 
The  right  lung  is  partially  collapsed, 
and  leaves  a  clear  sj)ace  laterally, 
which  is  partially  separated  into 
upper  and  lower  compartments  by 
an  adhesion  between  the  hmg  and 
the  lateral  thoracic  wall.  The 
drainage  tube  passes  upwards  posterior  to  this  adhesion. 

July  26.     X-ray  examination  shows  no  change  in  the  thoracic  picture. 

Case  21. — lieft  empyema   in  process  of  recovery. 

Dec.  19,  1915. — ^Vounded.  On  admission  there  were  several  wounds  on  the  back 
and  buttocks,  and  air  was  passing  in  and  out  through  an  opening  to  the  left  of  the 
spine  and  over  the  ninth  rib.  Drainage  of  the  left  pleural  cavity  was  maintained 
through  this  opening  for  the  ensuing  two  months. 


Fig.  .314. — Case  20,  June  9. 


\ 
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Feb,  17,  1916.  Radiogram  {Fig.  315).  A  large  piece  of  metal  in  the  left  pleural 
cavity,  between  the  diaphragm  and  the  posterior  part  of  the  tenth  rib.  The  heart 
lies  almost  entirely  to  the  right  of  the  middle  line.  A  few  small  dense  opacities  in 
the  right  lung  area.  The  lateral  margin  of  the  left  lung  can  be  faintly  seen  as  it  passes 
vertically  upwards  from  the  diaphragm,  lateral  to  the  metal  fragment,  to  fuse  with 
the  anterior  portion  of  the  third  rib. 


Fig.   315.— Case  21.  Feb.    17. 


Fio.   3lli. -Case   21,  Feb.   24. 


Feb.  2-A.  Second  Radiogram  {Fig.  316).  Since  the  previous  week  the  heart  has 
returned  somewhat  to  the  left  side,  but  is  still  far  from  its  normal  position.  The  left 
cu|K)la  of  the  diaphragm  is  higher  than  normal,  and  there  is  a  collection  of  gas  in  the 
stomach  and  colon.  The  lateral  margin  of  the  left  lung  is  still  visible,  and  has.  not 
altered  its  position.  The  high  position  of  the  left  cujjola  of  the  diaphragm  indicates 
the  return  of  negative  pressure  in  the  left  pleural  cavity. 

Case  22. — Perforation  of  the  left  side  of  the  chest  resulting:  in  pyopneumo- 
thorax with  adhesions.  Retraction  upw^ards  of  the  low^er  lobe  of  the  lung  is  w^ell 
demonstrated. 


Fig.  317.— Case  22,  Oct.   2. 


Fig.   318.— Case   22,  Oct.    10. 


Sept.  25,  1916. — A  shrapnel  ball  entered  superficial  to  the  sternal  end  of  the  left 
clavicle  and   half  an   inch  lateral  to  the  sternoclavicular  joint.     A  few  days  later 
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the  ball  was  removed  from  the  back,  where  it  lay  superficial  to  the  inferior  angle 

of  the  left  scapula. 

Oct.  2.     Physical  examination  :  Respirations  32  ;   pulse  92  ;    temperature  103°. 

Left  anterior — dullness  and   very  weak  breath    sounds   over   the   first   and   second 

interspaces.     Left  posterior — normal. 

Radiogram  (sitting)  {Fig.  317).     A  piece  of  wire  lies  embedded  in  the  left  lung 

lateral  to  the  hilus.     There  is  a  gas-fluid  jimction  at  the  level  of  the  second  inter- 

chondnil  space.     Inferior  to  this  level  the  left  lung  area  is  moderately  opaque,  with  the 

exception  of  a  supradiaphragmatic 
triangular  clear  area.  It  is  probable 
that  the  lower  lobe  has  retracted  up- 
wards from  the  diaphragm,  leaving 
its  bed  to  become  occupied  by  gas. 
Oct.  10.  Purulent  fluid  is  being 
discharged  through  the  entry  wound. 
Oct.  16.  Temperature  normal.  P^x- 
ploratory  puncture  6  cm.  inferior  to 
the  lower  angle  of  the  scapula  is 
negative. 

Radiogram  (sitting)  {Fig.  318). 
Impaired  movement  of  the  left  cupola 
of  the  diaphragm.  The  heart  shows 
some  retraction  to  the  left.  Marked 
clearing  of  the  left  lung  area,  with 
disappearance  of  gas-fluid  junction 
and  a  change  in  the  position  of  the 
wire,  indicating  descent  of  the  lower 
lobe  of  the   lunjj. 


Fig.   310.— C'a«e  23. 


Case  23. — A  large  fragment  of  metal  in  the  right  pleural  cavity. 
Radiogram  {Fig.  319).     Shows  the  fragment  lying  in  the  right  pleural  cavity, 
posterior  to  the  sixth  costochondral  joint.      Removed  at  a  subsequent  operation. 

Case  24. — Right  haemothorax,  and  shrapnel  ball  in  the  pericardial  cavity. 
A  shrapnel  ball  entered  the  back  10  cm.  to  the  right  of  the  spine  and  over  the 
tenth  rib,  perforated  the  lower  lobe  of  the  right    lung,    and   probably  entered   the 


k'm.   :VH).  -Case   24,  Aug.   22. 


Fi(i.   .321. —Case   24,  April   20. 


pericardial  cavity  between  the  CESophagus  and  the  inferior  vena  cava.     It  gave  rise 
to  a  right  haimothorax  and  pericarditis. 
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Aug.  22,  1916. — Physical  signs  Ri£iht  posterior — weak  breath  sounds  and  dull- 
ness. Anterior — apex  beat  in  the  sixth  space  three  inches  lateral  to  the  nipple  ; 
pericardial  rub. 

Radiogram  (sitting)  (Fig.  320).  Opacity  of  the  whole  right  lung  area,  with  dis- 
placement of  the  heart  to  the  left.  Shrapnel  ball  close  to  posterior  surface  of  heart. 
Exploratory  puncture  of  the  right  pleural  cavity  revealed  sterile  bloody  fluid. 

Sept.  9.  Physical  signs  :  Right  posterior — dullness  and  weak  breath  sounds 
below  the  spine  of  the  scapula.     Right  anterior — weak  breath  sounds. 

Radiogram  (sitting)  (Fig.  321).  The  left  margin  of  the  heart  lias  moved  two 
inches  to  the  right,  and  the  shrapnel  ball  has  moved  with  it.  Some  clearing  of  the 
right  lung  opacity  supero-medially. 

Case  25. — Iiarire  piece  of  metal  embedded  in  the  left  lun^r.  Removed  at  a 
subsequent   operation. 

Dec,  1916. — The  patient  was  wounded  by  a  piece  of  shell  which  entered  the 
back  in  the  middle  line  and  11  cm.  below  the  inferior  angle  of  the  scapula.  There 
was  a  histor\'  of  aspiration  of  blootl  from  the  left  pleural  cavity. 

April  20,  1917 .—  Radiogram  (sitting)  (Fig.  322).  Showed  immobility  of  the  left 
cupola   of  the   diaphragm,  with   marked  angulation  due   to  adhesion  between   the 


Fig.  322.— Case  25,  Sept.  9. 

diaphragmatic  and  visceral  pleurae.  The  lateral  portion  of  the  left  lung  area  was 
somewhat  opaque,  and  a  large  fragment  of  shell  was  embedded  in  the  lung  12  cm. 
anterior  to  the  posterior  skin  mark. 

A  portion  of  rib  was  resected  antero-inferior  to  the  inferior  angle  of  the  left 
scapula.  Sutures  were  passed  with  the  object  of  anchoring  the  lung  to  the  exposed 
parietal  pleura,  and  some  bubbling  took  place  at  the  upper  angle.  Subsequently 
these  sutures  were  found  to  have  been  unnecessary-,  as  the  parietal  and  visceral 
pleurae  were  fused  into  a  thick  membrane.  The  pleura  and  lung  were  incised,  the 
finger  was  inserted,  and  the  metal  fragment  located  by  palpation.  One  was 
impressed  with  the  extreme  hardness  of  the  heart,  and  the  friable  condition  of  the 
limg,  which  easily  enabled  the  palpating  finger  to  lay  bare  the  foreign  body.  A  pair 
of  forceps,  slipped  along  the  finger,  completed  the  extraction.  The  pleura,  muscles, 
and  skin  were  sutured,  and  collodion  was  applied.  Apart  from  slight  haemoptysis 
and  an  evening  rise  of  temperature  to  100°  for  five  days,  there  were  no  subsequent 
complications.  The  wound  healed  by  first  intention,  and  the  patient  was  perfectly 
well  at  the  end  of  a  fortnight. 

A  skiagram  taken  two  weeks  after  operation  showed  no  change  in  the  thoracic 
picture  apart  from  the  absence  of  the  foreign  body. 


388       THE    BRITISH    JOURNAL    OF    SURGERY 

Case  26. — Perforating  wound  of  the  right  side  of  the  chest. 

This    .skiagraiUj  (F?j^.  323)  was    taken  two  months  after  the    infliction  of    the 
wound.     The   exposure  was  made   during  fufl  inspiration,  and   marked  angulation 


Fig.   323. — Case   2(). 


of   the    right    cupola    of    the    diaphragm    is   revealed.      This    is  due  to  adhesions 
between    the ,  visceral    and    diaphragmatic    pleurae. 
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TWO    CASES    OF    KERATODERMIA    BLENNORRHAGICA. 

By    Captain    CRAWFORD    LUXDIE,    R.A.M.C. 

History  and  Literature. — All  the  literature  consulted  credits  Vidal  with 
being  the  first  to  describe  a  case  of  this  rare  disease  in  1893.  Seqneira  and 
Turnbull  described  the  first  case  recorded  in  England  in  1910.  Simpson  pub- 
lished a  very  complete  article  on  the  subject  in  the  Journal  of  the  American 
Association,  Aug.  12,  1912,  giving  a  synopsis  of  all  previously  reported  cases. 
Luys  refers  to  monograms  by  Vidal,  Jeanselme,  Jacquet,  Chauffard,  and  Le 
Damany,  and  quotes  the  description  given  by  the  last  named.  Watson,  of 
Glasgow,  in  his  treatise  published  in*  1914,  refers  to  a  total  of  some  twenty- 
five  cases  reported  in  all  literature  up  to  that  time.  Graham  Little  described 
the  condition  in  the  Practitioner,  1916,  and  gave  a  synopsis  of  thirty-eight 
previously  reported  cases.  Three  cases  occurred  in  a  general  hospital,  and 
were  reported  by  Captain  Brown,  R.A.M.C.  Two  cases  have  been  reported 
by  French  authors  in  Les  Annates  des  Maladies  Veneriennes  of  this  year — 
the  first  by  Gougerot  and  Clara  in  February,  and  the  second  by  Montpellier 
in  May.     Two  cases  have  occurred  in  another  general  hospital. 

Description. — The  condition  is  most  characteristic  on  the  most  common 
site,  viz.,  the  soles  of  the  feet.  Here  it  begins  as  a  small  conical  protuberance 
of  a  pinkish  colour,  hard  to  the  touch  like  a  corn,  and  quite  painless  :  further, 
it  may  appear  while  the  patient  is  in  bed  and  not  exposed  to  the  conditions 
producing  corns.  As  it  progresses  the  central  cone  becomes  brownish,  but  a 
pink  circle  persists  round  the  base  like  the  cambium  layer  in  a  growing  plant. 
The  cone  now  assumes  the  appearance  of  a  blister,  but  when  opened  is  found 
to  contain  no  fluid,  only  a  pasty  mass  of  epithelial  cells.  In  the  later  stages, 
or  under  treatment,  the  pink  '  gro>ving '  circle  becomes  white,  the  cone-shaped 
mass  withers,  as  it  were,  and  drops  off,  leaving  a  pink  base  and  no  infiltration  of 
the  normal  skin,  so  that  no  permanent  scar  is  left  as  in  syphilides,  which  are 
the  lesions  most  likely  to  be  confused  with  it. 

This  is  the  description  of  the  individual  lesions  as  seen  in  the  present 
two  cases,  and  agrees  fairly  closely  with  the  descriptions  by  French  writers 
of  what  they  describe  as  "  nail-like  horns  "  and  "  dry  blisters,"  according  to 
the  stage  of  the  growth  of  the  lesion.  Sequeira  also  gives  an  apt  description 
when  he  likens  them  to  "  sloes  embedded  in  the  skin."  When  grouped,  the 
lesions  exactly  correspond  to  Sequeira's  description,  "  like  mountain  ranges 
on  a  relief  map."     {Fig.  324.) 

Pathology. — The  gonococcus  seems  never  to  have  been  found  in  these 
lesions,  but  they  are  invariably  accompaniments  of  gonorrhoea,  generally  of 
old  standing,  and  always  with  blood  infection,   evidenced  in  most  cases  by 
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arthritis,  and  often  by  cachexia.  Jacquet,  Chaiiffard,  and  Fiessinger  have 
worked  on  the  pathology.  They  failed  to  inoculate  animals  or  normal 
men  with  it,  but  they  succeeded  in  inoculating  a  sound  piece  of  skin  on  the 
patient  himself  with  skin  debris  scraped  from  the  lesions.  Gougerot  and  Clara 
agree  with  these  authors  in  believing  the  condition  to  be  a  gonococcal,  dry, 
hyperkeratosic  pyodcrmia,  whose  origin  is  favoured  by  a  combination  of : 
(1)  Suitable  terrain;  (2)  Epidermic  maceration  (inoculation  under  a  watch- 
glass)  ;  (3)  Inoculation  with  products  of  keratosic  scratching.  In  the  present 
cases  the  lesions  began  in  each  case  on  epidermis  macerated  by  a  Scott's 
dressing. 


Fig.   32-t. — A  case  of  keratodcrmia  blennorrhagica. 


Treatment.- — All  the  monograms  consulted  agree  that  the  essential  part 
of  the  treatment  is  to  cure  the  general  gonorrhocal  infection.  All  but  one,  that 
of  Gougerot  and  Clara,  recommend  no  local  treatment.  Nearly  all  recommend 
v^accine  treatment,  Gougerot  and  Clara  found  resorein  dressings  useful, 
Watson  recommends  urotropine  internally.  Graham  Little  says  vaccines  are 
the  only  treatment,  and  seems  to  have  found  them  always  effectual.  So  far 
as  the  skin  condition  is  concerned,  this  was  not  so  in  Montpellier's  case,  nor 
in  the  first  case  here,  which  developed  keratosis  while  actually  having  vaccine 
treatment. 

Case  1. — C ,  age  30,  was  admitted  to  a  general  hospital,  on  Feb.  26,  1917, 

suffering  from  acute  gonorrha'a  of  eleven  days'  duration.  He  had  had  gonorrhcra 
ten  years  ago.  On  admission,  he  had  eonjunctivitis,  and  a  smear  was  taken  to 
examine  for  gonococcus.     This  was  negative,  but  arthritis  of  the  left  ankle  developed 
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next  day,  proving  there  was  blood  infection.  The  eye  condition  was  probably  also 
an  indication  of  blood  infection.  He  was  put  on  treatment  that  had  proved  very 
satisfactory-  in  many  joint  cases,  viz.,  sensitized  gonococcal  vaccine  of  the  strength 
100  million  per  c.c,  administered  as  follows  :  First  day,  \  c.c.  ;  second  day,  J  c.c.  ; 
third  day,  f  c.c.  ;  fifth  day,  1  c.c.  ;  seventh  day,  IJ  c.c.  ;  ninth  day,  2  c.c.  ;  twelfth 
day,  2J  c.c.  ;  fifteenth  day,  3  c.c.  ;  eighteenth  day,  3k  c.c.  ;  twenty-second  day, 
4  c.c.  ;  twenty-sixth  day,  4|  c.c.  ;  etc.  Locally,  the  joint  was  treated  with  Scott's 
dressings. 

The  joint  improved  ver>'  much  on  this  treatment,  and  the  temperature  got  less, 
but  the  patient  complained  always  of  vague  muscular  pains,  which  seemed  to  be  an 
indication  of  generalized  infection.  He  was  also  thin  from  the  first,  though  wasting 
increased  later.  On  March  15  there  appeared  what  looked  like  condylomata  on  the 
penis,  and  transfer  to  the  sj'philis  side  was  contemplated  :  but  before  this  was 
arranged  the  "  condylomata  '  had  disappeared,  and  the  typical  lesions  of  keratodermia 
blenorrhagica  had  appeared  on  the  feet  (March  16).  They  were  in  the  ver\'  early 
stage,  and  were  all  pink.  As  it  was  judged  imprudent  to  diagnose  this  rare  condition 
after  seeing  only  one  case  previously — Captain  Brown's  first — the  other  two  officers  on 
the  staff  who  had  seen  that  case  were  asked  to  examine  the  patient.  After  careful 
consideration,  they  agreed  with  the  diagnosis.  In  view  of  Graham  Little's  high 
claims  for  vaccine  treatment,  it  was  rather  disconcerting  to  find  a  case  develop  this 
condition  while  actually  having  vaccines. 

On  the  advice  of  Captain  Haworth,  who  made  the  vaccine,  it  was  suspended, 
and  when  the  ankle  swelled  again  it  was  aspirated  to  relieve  pressure  and  pain. 
The  fluid,  however,  seemed  to  come  rather  from  the  tissues  than  from  the  joint. 
Next  day  the  ankle  was  oedematous,  and  pitted  on  pressure,  but  the  urine  was  free 
from  albumin.  Scott's  dressing  was  stopped  on  March  26,  as  the  skin  was  getting 
tender.  On  March  28  the  left  knee  contained  fluid,  and  3^  c.c.  of  vaccine  were 
given  to  combat  this.  On  March  31  the  knee  was  aspirated  and  culture  attempted 
in  the  hope  of  making  an  autogenous  vaccine.  There  was  no  growth.  A  dose  of 
4  c.c.  of  vaccine  was  given  on  .\pril  2,  and  then  the  course  was  suspended,  as  the 
jjatient  seemed  verj-  sensitive  to  it,  as  shown  by  rise  of  temperature.  On  April  12, 
a  growth  of  gonococcus  was  got  from  fluid  aspirated  from  the  right  knee,  but  the 
strain  could  not  be  established,  and  again  autogenous  vaccine  was  impossible. 
Another  attempt  at  culture  failed,  and  no  further  fluid  was  available,  as  the  joints 
ceased  to  accumulate  fluid. 

Meanwhile  the  keratosis  spread  up  the  legs,  and  later  appeared  on  hands, 
arms,  and  penis.  The  prostate  was  almost  normal,  but  in  the  discharge  obtained 
from  it  was  the  diphtheroid  bacillus  so  often  found  in  chronic  gleets.  By  Captain 
Haworth's  advice,  therefore,  the  patient  was  put  on  the  triple  vaccine  containing 
gonococci  50  million,  diphtheroid  bacilli  100  million,  and  staphylococci  100  million 
per  c.c.  This  was  given  very  gradually,  at  intervals  of  five  or  six  days,  thus  : 
First  dose,  J  c.c.  ;  second  dose,  J  c.c.  ;  third,  J  c.c. ;  fourth,  |  c.c.  ;  fifth,  |  c.c.  ;  sixth, 
J  c.c.  ;  and  so  on.  At  the  same  time,  he  was,  by  Sir  J.  Rose  Bradford's  ad\ice, 
put  in  the  open  air  everj'  fine  day.  A  gradual  improvement  in  temperature  and 
general  condition  set  in.  The  nourishing  diet  and  the  tonic  of  quinine,  strv'chnine, 
and  iron  which  he  had  had  from  the  first  were  continued.  Later,  Captain  Haworth 
advised  another  course  of  sensitized  vaccine,  as  follows  :  First  day,  1  c.c.  ;  fifth 
day,  2  c.c.  ;  ninth,  4  c.c.  ;  thirteenth,  6  c.c.  ;  and  so  on,  every  fourth  day.  up  to  12 
c.c.  He  improved  more  rapidly  on  that,  and  by  July  1  his  temperature  was  normal. 
He  was  well  enough  soon  after  to  be  evacuated  to  England  ;  but  keratosis  was  still 
present,  though  the  joints  and  general  condition  were  much  better.  In  this  he 
resembled  Montpellier's  case. 

Case  2. — R ,  resembled] the  case  of  Gougerot  and  Clara,  in  that  he  was  not 

desjjerately  ill,  and  walked  into  hospital.  He  had  fluid  in  his  right  knee,  which  he 
said  was  traumatic,  due  to  a  twist  two  years  ago.  It  was  too  like  gonorrhoeal  not  to 
be  treated  as  such,  and  the  left  ankle  developed  arthritis  while  he  was  in  bed  with  the 
right  knee.     Keratosis  developed  at  the  site  of  a  Scott's  dressing  on  the  left  ankle, 
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but  soon  reacted,  as  did  also  the  joints,  to  sensitized  vaccines,  administered  according 
to  the  last-mentioned  method.  He  said  he  had  had  the  skin  condition  before  his 
present  attack  of  gonorrha'a,  and  denied  a  previous  attack.  In  this  he  is  again  like 
Gougcrot  and  Clara's  case,  for  their  patient  also  denied  ever  having  had  gonorrhcca, 
although  arthritis  and  stricture  proved  that  he  had,  as  did  a  hard  and  nodular 
prostate  in  the  present  case.     The  temperature  was   normal  throughout. 

Gougerot  and  Clara  believe  the  skin  lesion  to  be  absolutely  characteristic, 
and  they  claim  to  have  diagnosed  an  old  gonorrhoea  from  a  cast  in  a  museum 
by  means  of  it. 

The  recurrence  of  keratosis  with  a  fresh  attack  of  gonorrhoea  in  the 
second  case  agrees  with  Le  Damany's  observation  that  such  relapses  of 
keratosis  frequently  follow  fresh  gonorrhccal  infection. 

The  first  case  was  also  seen  by  Major  McCormac,  who  confirmed  the 
diagnosis,  and  by  Sir  George  Makins,  whose  interest  in  the  case  secured  the 
services  of  an  artist  to  make  the  coloured  drawing  which  accompanies 
this  paper. 

This  opportunity  is  taken  of  thanking  all  the  officers  mentioned  for  their 
assistance  and  interest,  and  particularly  Sir  George  Makins,  at  whose  special 
request  this  paper  has  been  written  for  publication. 
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SEPTICiCMIA    AS    A   COMPLICATION    OF  GUNSHOT  WOUNDS, 
WITH    NOTES    ON     13    CASES. 

By    Captain    H.    M.    ANDERSON,    RjV.M.C, 
AND    Captain    G.    RICHARDSON,    RA.M.C. 

Ix  the  study  of  a  series  of  cases  of  septicaemia  occurring  as  a  complication 
of  gunshot  wounds,  three  facts  of  very  great  interest  present  themselves  : 
(1)  The  diversity  of  organisms  which  may  produce  septica-mia ;  (2)  The 
diversity  of  cHnical  pictures  pro<luced  by  similar  organisms  circulating  in 
the  blood  in  the  living  state  ;  (3)  The  presence  of  living  organisms  in  the 
blood  accompanied  by  no  serious  manifest  symptoms. 

1.  The   diversity  of  organisms  uhich    may   produce    septicaemia. — In   the 
series  of  thirteen  cases  of  which  clinical  records  are  appended,  the  following 
organisms    were   found   to    be    present    in    the    blood    in   the    living   state : 
(a)  Streptococci ;    (b)  B.   Welckii  (bacilli  of  gas  gangrene) ;    (c)  B.  oedematis 
maligni  ;    {d)  Pneumobacilli ;    {e)  M.  tetrageni. 

In  two  instances  the  infection  was  of  a  mixed  nature  {Cases  3,  4). 
In  these  two  cases  the  organism  determining  the  clinical  type  of  the  infection 
was  the  bacillus  of  gas  gangrene,  accompanied  in  the  former  by  a  strepto- 
coccus, which  predominated,  and  in  the  latter  by  M.  tetragenus.  In  seven 
cases  a  pure  streptococcus  was  found  {Cases  5-11).  In  two  further  cases 
{Cases  12,  13)  the  infecting  organisms  were  respectively  B.  cedematis  maligni 
and  a  pneumobacillus.  In  four  instances  the  bacillus  of  gas  gangrene  was 
foinid  ;  two  were  pure  cultures  {Cases  1,  2),  and  two,  as  already  stated, 
were  mixed  with  other  organisms. 

2.  The  ability  of  similar  organisms,  circulating  in  the  blood  in  the  living 
state,  to  produce  diverse  clinical  pictures,  is  a  characteristic  feature  of  strepto- 
coccal infections. 

3.  The  presence  of  living  organisms  in  the  blood  without  the  production  of 
serious  manifest  symptoms,  is  of  great  importance.  The  discovery  of  this  very 
interesting  fact  was  made  during  the  routine  examination  of  the  blood  in 
a  series  of  patients  with  infected  gunshot  wounds,  many  of  them  cases  which 
at  no  time  gave  rise  to  any  apprehension  as  to  their  issue,  and  which,  owing 
to  their  comparatively  innocent  nature,  aroused  no  suspicion  of  their  true 
clinical  character.  Particularly  interesting  in  this  respect  is  a  tyjje  of  septi- 
caemia produced  by  the  bacillus  of  gas  gangrene,  causing  a  more  or  less 
characteristic  symptom-complex,  mild,  as  a  rule,  in  its  clinical  progress,  and, 
in  all  cases  in  one  series,  terminating  satisfactorily.  This  type  ^\\\\  be  con- 
sidered at  greater  length  later.  The  streptococcus,  strangely  enough,  whilst 
capable  of  producing  the  most  virulent  of  infections,  may  act  very  mildly. 
Indeed,  its  presence  in  the  blood  has  been  found  to  be  compatible  with  an 
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almost  normal  state  of  health,  a  rise  of  temperature,  often  of  modest  dimen- 
sions, being  the  only  clinical  evidence  of  the  infection. 

Clinical  records,  in  so  far  as  such  have  a  bearing  upon  the  course  of  the 
disease  and  the  treatment  adopted,  together  with  a  full  temperature  chart 
of  each  case,  are  appended  to  the  paper.  This  has  been  done  with  a  view 
to  permit  of  the  formation  of  individual  opinion,  and  to  relieve  the  authors 
from  generalizing  in  the  absence  of  adequate  data. 

In  all,  29  bloods  have  been  examined.  In  13,  positive  results  were 
obtained,  a  percentage  of  44-7.  Of  these,  11  were  pure  cultures  and  2  were 
mixed.  In  the  following  table  the  various  types  of  infection  are  indicated, 
together  with  the  number  of  cases  of  each  type  : — 


rREDOMINATIXG  ORGANISM 

ACCOMPANYING 

ORGANISMS 

CASiS 

1 .  B.  perfringens 

2.  Streptococcus 

3.  B.  mdematis  maligni 

4.  Pneumobacillus 

(        None 

-  Streptococcus 

(m.  tetragenus 

None 

None 

None 

1: 

7 
1 
1 

The  predominating  organism  in  each  case  has  been  considered  as  the  cause 
of  the  disease,  a  position  of  secondary  importance  having  been  allotted  to 
the  accompanying  organisms,  when  present,  from  a  clinical  and  therapeutic 
point  of  view.  Whilst  the  justice  of  this  discrimination  may  be  open  to 
question  bacteriologically,  it  has  certainly  been  upheld  clinically.  To  this 
generalization  Case  3  is  an  exception,  streptococci  predominating,  whilst 
the  disease  took  on  the  type  of  an  infection  by  the  bacillus  of  gas 
gangrene. 

The  deaths  in  all  types  combined  has  been  5,  an  encouragingly  low 
figure.  In  the  following  table  are  indicated  the  end-results  of  the  13  cases 
cited  : — 


Type  op  Inpection                  Cases 

Beoovered 

Died 

1 .  B.  perfringens           . .            4 

2.  Streptococcus             .  .             7 

3.  B.  (pdemalis  maligni              1 

4.  Pneumobacillus         . .             ] 

3 
5 

1 
2 
1 
1 

The  fatal  issue  in  the  case  of  B.  perfringens  septicaemia  was  due  to  tetanus, 
which  supervened  on  the  twentieth  day  of  the  disease.  At  the  time  when 
this  complication  set  in,  the  temperature  had  been  normal  for  some  days, 
the  general  state  of  health  was  extremely  satisfactory,  and  the  symptoms 
characteristic  of  the  primary  infection  had  completely  disappeared.  Similarly, 
in  the  one  case  in  which  the  pneumobacillus  was  the  infecting  organism,  the 
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general  condition  had  improved  considerably  :  a  copious  secondary  haemor- 
rhage produced  a  fatal  issue.  In  these  two  cases  the  hope  that  the  infection 
had  been  overcome  was  firmly  established,  and  the  presumption  is  justifiable 
that  a  cure  in  each  would  have  been  realized  had  not  unfortunate  compli- 
cations arisen.  Unhappily,  however,  the  evidence  of  blood  examination  is 
lacking. 

1.  Septicemia  due  to  the  B.  perfringens  of  Welch.— Greatest  interest 
attaches  to  septicaniia  produced  by  the  bacillus  of  gas  gangrene  {B.  perfringens 
of  Welch).  Of  this,  three  definite  clinical  types  were  observed,  totally  differing 
in  their  expression  and  their  method  of  termination.  They  are :  (a)  A 
fulminating  type,  with  an  emphysematous  gangrene  rapidly  spreading  directly 
from  a  local  focus,  accompanied  by  hyperpyrexia,  profoiuid  toxaemia,  and  a 
terminal  septicaemia  ;  (6)  A  fulminating  type,  without  gas  formation  locally, 
and  accompanied  by  a  subnormal  temperature  ;  (c)  A  mild  type,  with  gas 
production  locally,  mild  constitutional  reaction,  and,  as  a  rule,  a  favourable 
issue. 

a.  In  the  first  type  there  is  an  emphysematous  gangrene  rapidly  spreading 
directly  from  a  local  focus,  a  spread  of  such  alarmingly  rapid  proportions,  of 
so  fulminating  a  character,  that  one  often  feels  curiously  impotent  to  arrest 
its  progress.  We  have  all  witnessed  this  short-lived  clinical  drama  from  time 
to  time,  and  recall  vividly  the  foul  nature  of  the  wound,  the  extraordinary 
development  of  a  thin,  offensive,  dark-brown  discharge,  often  necessitating 
a  two-hourly  change  of  dressings,  and  the  advancing  and  rapidly  increasing 
edge  of  crepitation  and  tympanicity.  We  recall  the  drawn  and  anxious 
expression  of  the  patient's  features,  the  death-like  pallor  of  the  skin,  the 
excessive  activity  of  the  sweat  glands,  the  dilated  pupils,  the  distressing  air 
hunger,  the  hyperpyrexia,  the  rapid,  nuining  pidse,  and  the  alertness  of  the 
mental  faculties.  We  are  confronted  in  such  cases  with  a  profound  toxaemia, 
complicated  in  its  terminal  phases  vnth  a  septicaemia.  Blood  examinations 
have  been  conducted  in  four  cases  of  this  class.  In  two  they  were  negative  ; 
in  a  third  the  bacillus  was  recovered  from  the  blood  ;  in  a  fourth  a  strepto- 
coccus was  found.  Unfortunately  the  notes  on  the  third  case  have  been 
mislaid,  and  one  hesitates  to  rely  upon  memory  for  clinical  details,  except  to 
state  that  the  bacillus  was  foimd  in  a  specimen  of  blood  taken  a  few  hours 
before  death.  The  fourth  case,  which  is  included  under  the  streptococcal 
type,  was  a  rapidly  spreading  emphysematous  gangrene  of  the  arm  ;  a 
streptococcus  was  found  in  a  specimen  of  blood  taken  immediately  before 
amputation  ;    six  days  later  examination  was  negative. 

b.  The  second  type  of  septicaemia  produced  by  gas  gangrene  is  as  peculiar 
and  interesting  as  it  is  rare.  A  description  of  a  case  which  we  have  had  in 
this  hospital  ^vill  suffice  to  bring  out  its  characteristics  : — 

Pte.  A.  was  admitted  in  April,  1916,  suffering  from  a  severe  gunshot  wound 
of  the  soft  tissues  of  the  right  thigh  inflicted  forty-eight  hours  previously.  Prior 
to  admission  the  wound  had  been  excised  and  counter-incisions  made  for  drainage. 
There  was  ver\'  little  discharge,  practically  no  swelling,  and  no  smell.  The  wound 
was  remarkably  free  from  sloughs  ;  the  exposed  muscles  were  pale,  dr\%  and  friable. 
The  counter-openings  were  exactly  sinxilar  to  pjost -mortem  incisions — there  was  no 
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reaction  whatsoever,  no  discharjie,  and  the  tissues  were  soft,  putty-like,  inelastic, 
and  painless.  There  was  no  gas.  The  general  state  of  the  patient  was  remarkable 
— widely  dilated  pupils,  cold  dry  skin  of  a  deathly  pallor,  air  hunger  calling  into 
action  the  extraordinary  muscles  of  respiration,  a  temperature  too  low  to  record, 
a  pulse  too  rapid  to  count,  and  a  very  noticeable  placidity  of  mind  and  feature. 
Death  supervened  within  twelve  hours. 

At  the  post-mortem,  six  hours  later,  gas  was  found  in  the  spinal  cord,  on  the 
surface  and  in  the  substance  of  the  brain,  and  in  the  liver.  The  picture  was  that 
of  a  haemorrhage,  for  which  indeed  an  examination  was  made  on  admission. 

Unfortunately  there  is  no  note  of  a  blood  examination  having  been  made. 

The  type  of  wound  described  in  this  class  is  one  to  which  we  have  given 
the  name  'cadaveric.'  More  concerning  its  eUnieal  features,  progress,  and 
pathology  will  be  said  in  the  discussion  of  septica:;mia  produced  by  the  strepto- 
coccus. 

c.  The  third  type,  of  which  four  ilhistrative  cases  are  given  {Cases  1-4), 
in  which  the  bacillus  of  gas  gangrene  was  found  circulating  in  the  blood,  is 
an  interesting  and  distinct  pathological  entity,  differing  from  the  first  two 
very  markedly.  Such  patients  appear  to  be  rarely  in  a  serious  condition, 
certainly  never  so  ill  as  to  lead  one  to  suspect  the  true  clinical  character  of 
the  disease.  The  woimd  is  usually  foul,  presenting  all  the  appearances  of 
one  grossly  infected  with  B.  perfringens  and  the  organisms  which  usually 
accompany  it.  There  is  a  foul  discharge,  copious  in  amoiuit,  and  containing 
bubbles  of  gas.  There  are  stringy,  ocdematous  sloughs,  which  leave  a  bleeding 
surface  on  removal.  There  is  a  marked  reaction  of  the  surrounding  jiarts, 
with  pain,  swelling,  oedema,  and  slight  crepitation.  There  may  be  a  spreading 
cellular  gangrene  of  the  subcutaneous  tissues.  Constitutionally,  the  patient 
reacts  in  a  characteristic  manner.  The  skin  is  warm,  dry,  and  of  a  peculiar 
dirty-yellow  colour,  and  there  is  a  slight  icteric  tinge  of  the  conjunctiva?.  The 
tongue  is  dry  and  furred,  and  the  breath  is  foul.  The  appetite  is  gone,  thirst 
is  never  troublesome,  and  the  bowels  are  confined.  Temperature  and  pulse 
are  slightly  raised.  Mentally,  such  patients  are  typical  :  they  arc  heavy, 
stupid,  and  somnolent.  This  state  of  torpidity  of  mind  and  function  lasts 
until  the  blood  is  sterile,  the  healing  of  the  wound  in  the  meantime  being  in 
no  way  adversely  influenced.  In  the  four  cases  described,  no  apprehension 
as  to  the  issue  arose,  and  nothing  beyond  the  usual  wound  treatment  was 
called  for.  The  recovery  from  the  infection  is  gradual,  although  its  entire 
duration,  provided  the  source  of  absorption  receives  adequate  attention,  is 
short-lived. 

One  is  justified  in  assuming  that  many  cases  of  the  kind  escape  detec- 
tion because  of  the  mild  nature  of  the  infection.  Moreover,  it  would  appear 
that  during  the  course  of  acute  infection  in  the  wound  such  a  complication 
may  supervene  and  be  rapidly  overcome.  Although  such  an  assertion  cannot 
be  substantiated  by  clinical  records,  one  has  frequently  noticed  during  the 
acute  stage  of  a  wound  the  establishment  of  a  general  state  such  as  is  described 
above,  lasting  for  a  day  or  two,  and  then  subsiding.  The  belief  that  this  may 
be  the  case  receives  support  from  the  fact  that  during  these  intermissions 
there  is  a  recrudescence  of  wound  infection.  The  bacteriology  of  the  discharge 
and  of  the  blood  in  this  type  of  septicemia  is  indicated  in  the  accompanying 
table  (pp.  4-02,  403).     Metastasis  has  not  been  observed. 
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2.  SepticaBmia  due  to  the  Streptococcus. — In  our  series  of  eases  the 
streptococcus  has  been  found  in  the  blood  in  53-8  per  cent.  As  a  mle  it 
appears  in  pure  culture.  In  one  instance  {Case  3)  it  was  mixed  in  prepon- 
derating numbers  with  the  bacilhis  of  gas  gangrene,  but  the  cHnical  expres- 
sion of  the  infection  resembled  more  the  B.  perfringens  type.  For  this  reason 
this  case  has  been  included  in  the  previous  class,  although  one  cannot  overlook 
the  possible  extent  to  which  it  was  influenced  by  the  presence  of  a  strepto- 
coccus. 

Streptococcal  septica'mia  presents  many  interesting  features.  One  has 
been  in  the  habit  of  looking  upon  an  infection  of  this  nature  as  exceedingly 
serious,  placing  the  life  of  the  patient  in  extreme  jeopardy.  Whilst  this  may 
be  the  case,  it  is  by  no  means  always  so.  In  fact,  the  infection  may  be — 
one  might  almost  say  is  generally — mild,  running  a  benign  course,  and  often 
terminates  favourably  without  the  employment  of  any  sj>ecial  measures 
directed  to  its  subjugation.  It  would  appear  that  a  blood  infection  by  this 
organism  may  arise  during  the  clinical  course  of  wound  suppuration,  evidence 
itself  in  the  mildest  of  fashions,  and  then  subside  without  seriously  affecting 
the  progress  of  the  ease.  That  this  can  happen  is  capable  of  clinical  proof; 
but  in  what  j)ereentage  of  cases  it  really  occurs  requires  further  investigation. 
Inclination  towards  the  belief  that  it  is  frequent  is  verA'  strong,  and  there  is 
a  decided  temptation  to  suggest  that  many  temperatures  for  which  no  cause 
can  be  found  locally  in  the  wound  may  be  explained  by  a  blood  examination. 
So  much  has  one  the  courage  of  one's  convictions,  that  the  blood  of  all  cases 
in  which  no  satisfactory^  explanation  for  temperature  distiu-bance  is  discovered, 
is  subjected  to  a  cidtural  investigation. 

Another  interesting  feature  of  septictcmia  in  general,  although  it  has  been 
most  clearly  demonstrated  in  the  streptococcal  type,  is  the  nature  and  extent 
of  the  focus  of  absorption.  Xaturally  one  would  anticipate,  and  correctly 
so,  a  greater  liability  to  blood  infection  the  more  serious  the  wound  and  the 
less  the  resisting  power  of  the  patient.  Nevertheless,  the  focus  may  be 
extremely  small  and  apparently  trivial.  In  one  instance,  for  example 
{Case  10),  there  were  two  wounds  in  the  thigh,  each  no  larger  than  a  florin, 
and  extending  just  through  the  deep  fascia  into  the  superficial  layers  of  the 
subjacent  muscle  :  wounds  in  which  the  drainage  was  perfect,  in  which  there 
was  no  retention  of  discharge,  and  in  which  the  infection  was  of  a  mild  nature. 
In  two  others  {Cases  7,  8)  the  woimds  were  also  of  a  slight  nature,  yet  a 
fulminating  and  rapidly  fatal  streptococcfcmia  supervened. 

The  measure  of  the  resisting  power  of  the  patient,  apart  from  all  other 
conditions,  appears  to  be  an  important  factor.  This  may  be  naturally  low, 
or  may  have  been  reduced  by  exposure  and  privation.  In  several  of  our 
eases  there  is  a  histon^'  of  "lying  out'  for  periods  extending  from  two  to  ten 
days,  periods  during  which  the  patients  were  deprived  of  the  ordinary  means 
of  sustenance. 

It  has  been  possible,  from  a  clinical  aspect,  to  classify  into  three  distinct 
types  the  seven  cases  of  streptococcal  septicaemia  we  have  had,  indi\-idual 
examples  of  each  resembling  one  another  very  closely,  and  differing  only  in 
detail.  These  may  be  stated  as  follows  :  (a)  An  acute  type,  characterized 
by   hyperpyrexia   and   delirium,   rapid    in   its  progress,    and    ending   fatally ; 
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examples  of  this  type  are  Cases  7  and  8.  (b)  A  chronic  type,  with  elevation 
of  temperature,  profound  anamia.  and  great  emaciation,  running  a  protracted 
course,  and  terminating  favourably ;  Cases  5  and  6  are  examples,  (c)  A 
mild  type,  with  few  clinical  manifestations ;    Cases  9  and  10  are  instances. 

a.  The  acute  type,  of  which  two  examples  are  given,  presented  as  its 
most  noticeable  features  delirium  and  hyperpyrexia.  Delirium  in  the  former 
case  was  of  the  muttering  type  ;  hysterical  in  the  latter.  In  both  it  lasted 
for  the  duration  of  the  disease.  There  was  a  marked  tendency  to  diarrhrea  ; 
loss  of  weight  was  not  observed  imtil  during  the  closing  days.  In  neither 
were  the  wounds  grossly  infected  ;  they  were  superficial,  thoroughly  drained, 
and  pursued  an  eminently  satisfactory  clinical  course.  The  process  of  healing 
was  in  no  way  interfered  with.  In  the  notes  of  one,  the  clinical  report  was 
briefly  stated  thus  :  "  Wound  almost  healed  ;  patient  dying."  Both  developed 
extra-articular  metastasis,  chiefly  of  the  abortive  type.  In  one  there  was  an 
embolus  of  the  choroidal  vessels.  Treatment,  which  will  be  dealt  with  later, 
was  of  no  avail. 

b.  The  chronic  type,  characterized  by  profound  anaemia  and  progressive 
emaciation,  is  of  very  great  interest.  The  course  of  the  disease  in  the  two 
examples  cited  Avas  very  protracted.  In  contradistinction  to  those  of  the 
acute  type,  one  observed  a  moderate  disturbance  of  temperature,  entire 
absence  of  delirium,  freedom  from  metastasis,  and  the  very  marked  influence 
the  general  infection  seemed  to  have  upon  the  progress  of  the  wounds. 
Anaemia  is  profound,  and  emaciation  extreme.  Diarrhoea  may  be  trouble- 
some. Whilst  there  is  little  tendency  to  metastasis,  there  is  a  decided 
proclivity  to  abscess  formation  in  relation  to  the  wounds,  should  they  be 
multiple. 

The  appearance  of  the  wounds  in  this  type  of  streptococcamia  is  remark- 
able. We  have  described  them  as  'cadaveric'  This  description  applies  equally 
well  to  the  general  condition  of  the  patient,  which,  so  far  as  reparative 
processes  are  concerned,  is  inert.  The  original  wound  in  this  stage  is,  as  a 
rule,  extremely  dirty,  being  covered  with  grey,  stringy,  sloughing  material 
which  is  but  loosely  attached  and  does  not  leave  a  bleeding  surface  on  removal. 
There  is  considerable  involvement  of  fascia  where  this  is  exposed,  necrosis 
of  this  tissue  often  extending  far  beyond  the  limits  of  the  wound.  The 
structures  arovmd  are  peculiarly  soft,  putty-like,  and  inelastic.  There  is  air 
entire  absence  of  reaction.  The  absence  of  pain  is  a  prominent  feature ; 
such  wounds  can  be  manipulated  in  quite  a  gross  fashion  without  any  response 
on  the  part  of  the  patient.  Where  excision  or  counter-incisions  have  been 
practised,  probably  some  days  before,  the  appearance  is  such  as  is  observed 
in  an  incision  in  a  cadaver.  One  has  the  impression  that  the  incision  has  just 
been  made.  There  is,  however,  no  evidence  of  there  having  been  any  oozing : 
the  skin  is  soft  and  doughy,  and  the  muscles  are  pale  and  dry,  the  individual 
fasciculi  standing  out  plainly.  Where  sloughs  are  present,  there  is  a  moderate 
amount  of  a  thick,  foul  discharge.  Once  these  have  been  cut  away,  the 
discharge  ceases,  and  the  exposed  tissues  remain  absolutely  inert. 

This  stage  may  last  days — or  weeks,  as  in  Case  6,  where  the  duration  was 
one  month  :  on  Feb.  10  the  wounds  of  this  patient  resembled  in  detail  their 
condition  on  Jan.  10  ;    not  a  single  granulation  was  to  be  seen.     During  this 
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time  there  was  a  tendency  to  a  slow  necrosis  of  tissues  badly  supplied  with 
blood,  such  as  tendons  and  fascial  coverings  of  muscles.  There  was,  moreover, 
in  the  case  of  small  penetrating  wounds,  a  proclivity  to  abscess-formation. 
These  abscesses  were  peculiar,  in  that  they  were  not  painful  and  that  their 
contents  were  under  very  low  tension.  The  walls  of  such  cavities  were  the 
unchanged  tissues,  which  had  been  pushed  aside  to  make  room  for  the  accumu- 
lating pus.  In  their  depths  one  perceived  muscle  bellies  pale  and  inert, 
standing  out  as  if  they  had  been  dissected.  Drainage  proved  unnecessary, 
as,  after  evacuation,  no  further  discharge  took  place,  the  walls  approximating 
themselves,  but  exhibiting  no  tendency  to  unite. 

Resolution  in  such  wounds,  when  it  does  take  place,  may  do  so  with 
surprising  suddenness  and  rapidity,  complete  healing  being  established  in  a 
short  time.  This  change  is  synchronous  with  an  amelioration  in  the  con- 
stitutional state,  which,  in  the  meantime,  has  been  one  of  profoiuid  amcmia, 
progressive  emaciation,   and  apathy. 

The  cadaveric  type  of  woimd  is  not  peculiar  to  streptococca'mia.  It  has 
been  observed  in  other  forms  of  septicaemia  and  toxscmia.  It  has  been 
referred  to  in  the  B.  perfringens  type.  It  must  be  looked  upon  as  an  arrest 
of  the  process  of  healing,  resulting  from  a  profound  degree  of  infection. 

The  general  bacterial  wound  flora  is,  as  a  rule,*  fairly  consistent.  We  find 
streptococci,  staphylococci,  B.  pyocyaneu.s,  and  diphtheroids.  The  last  are  the 
most  interesting,  and  frequently  form  the  predominating  organism,  es|)ecially 
in  wounds  about  the  lower  extremities.  They  are  indistinguishable  from 
involution  forms  of  the  true  Klebs-Loffler  bacillus.  They  are  curved,  have 
bulbous  ends,  and  show  segmentation  of  the  body.  Some  exhibit  distinct 
beading,  and  all  stain  with  Gram.  In  only  one  instance  has  a  diphtheroid 
been  encountered  which  stained  with  Neisser.  These  organisms  appear  to  be 
saprophytic  in  character.  They  are  rapidly  overcome  in  culture  by  others 
present,  so  that  on  first  subculture  it  is  unusual  to  find  any.  Up  to  the 
present  we  have  been  unable  to  isolate  these  organisms  in  pure  culture.  When 
the  wound  passes  from  the  cadaveric  to  the  healing  stage,  the  diphtheroids 
at  once  disappear. 

The  condition  of  the  pus  cells  in  cadaveric  wounds  is  sometimes 
interesting.  In  the  majority  of  cases  the  cells  show  degenerative  changes, 
with  fragmentation  of  the  nuclei  and  vacuolation  of  the  cji:oplasm. 
Rarely  they  are  exceedingly  well  formed,  with  the  perfection  of  the  normal 
polymorphs  of  the  blood.  Phagocytosis  is  slight  or  absent.  In  one  instance, 
however,  the  pus  cells  were  packed  \vith  organisms,  resembling  the  appearance 
seen  in  gonococcal  pus.  In  the  healing  stage  of  these  wounds  phagocj'tosis 
is  extraordinarily  active. 

c.  In  the  mild  type  of  streptococcal  septicaemia  there  is  very  little  depar- 
ture from  the  normal  state  of  health.  Sleep  is  undisturbed,  the  appetite  is 
excellent,  and  the  general  state  remains  satisfactory.  It  may  be  hard  to  find 
any  clinical  manifestations  of  the  disease,  beyond  a  disturbance  of  tempera- 
ture. This,  however,  may  be  considerable,  reaching  102°  or  103°  at  night. 
Although  it  may  be  continued  for  some  time,  it  appears  to  have  little  effect 
on  the  patient.  Amongst  other  symptoms,  one  has  noticed  during  the  course 
of  the  disease  a  slight  degree  of  emaciation,  periodic  attacks  of  diarrhoea  of 
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short  duration,  drowsiness,  and,  in  one  ease,  very  mild  delirium  lasting  two 
days.  The  hcalin<j  of  the  wounds  may  or  may  not  be  influcneed  ;  there  may 
be  a  tendeney  to  retardation.  The  disease  has,  therefore,  certain  resemblances 
to  the  chronic  type  above  described,  of  which  it  may  be  considered  a  mild 
form. 

Two  examples  of  this  mild  type  are  given.  Cases  9  and  10.  The  former 
is  rather  interesting.  There  were  multiple  shrapnel  woimds  involving  seven 
joints  :  both  shoulders,  both  elbows,  both  wrists,  and  the  right  ankle.  On 
admission,  all  the  wounds  were  in  a  perfectly  satisfactory  state  and  all  in  an 
advanced  state  of  repair,  A  continued  temperature  led  to  examination  of 
the  blood,  in  which  a  long  streptococcus  was  found  in  pure  culture.  The 
subsequent  progress  was  uneventful,  no  special  measures  to  combat  the  septi- 
caemia being  called  for.  It  is  exceedingly  interesting  to  note  that  this  patient, 
during  the  whole  period  of  blood  infection,  ate  well,  slept  well,  and  always 
felt  in  the  best  of  condition. 

The  latter  case  {Case  10)  is  exceedingly  interesting.  Although  the  patient 
is  still  under  observation  in  this  hospital,  the  progress  of  the  disease  up  to 
the  present  is  sufficient  to  reveal  the  fact  that  during  the  period  of  wound 
infection  there  may  be  periodic  absorption  of  the  streptococcus  into  the  blood. 
The  patient  in  question  was  wounded  on  April  27,  1917.  Upon  admission, 
May  3,  one  noticed  slight  anaemia  and  pronounced  drowsiness.  The  woimds 
had  a  very  inoffensive  appearance,  and  did  not  exceed  an  inch  and  a 
half  in  their  longest  diameter,  extending  for  a  short  distance  into  the 
muscles  of  the  thigh.  They  were  discharging  a  moderate  amount  of  thick 
yellow  pus,  drainage  was  free,  and  the  tissues  around  were  soft  and  painless. 
Such  granulations  as  had  formed  were  rather  pale  and  ocdematous.  The 
Carrel  treatment  had  been  employed  prior  to  admission.  The  temperature 
was  97°.  On  May  6  it  rose  to  103°,  and  on  the  following  day  to  103-8°, 
becoming  normal  again  on  May  11.  During  this  interval  a  streptococcus 
was  isolated  from  the  blood.  The  patient  was  uncomplaining  during  this 
interval ;  he  ate  well,  and  felt  well.  There  was  a  tendency  to  drowsiness, 
and  on  the  night  of  May  6,  when  the  temperature  was  103-8°,  he  had  mild 
delirium.  On  May  13  the  blood  was  sterile.  The  after- progress  is  interesting: 
For  six  days  he  appeared  to  be  in  a  normal  state  of  health.  On  May  17  the 
thermometer  again  registered  103°,  drowsiness  recurred,  and  on  the  following' 
day  a  streptococcus  was  again  isolated  from  the  blood.  He  has  had  one 
attack  of  diarrhcra.  At  the  time  of  writing.  May  25,  the  general  state  of  his 
health  is  satisfactory.  His  wounds  were  thoroughly  explored,  but  no  cause 
for  the  re-absorption  could  be  discovered.  All  possible  sources  of  infection 
have  been  investigated  and  found  negative.  One  must  at  present,  therefore, 
conclude  that  the  initial  focus  of  the  infection  was  the  wound.  The  case  is 
interesting,  in  so  far  as  it  may,  upon  investigation,  throw  some  light  upon 
unexplainablc  temperatures  occurring  during  the  clinical  progress  of  a  wound. 

8,  Septicaemia  due  to  tbe  Bacillus  of  Malignant  (Edema. — This  has 
been  extremely  rare.  We  frequently  meet  with  wounds  in  which  the  bacillus 
is  present,  often  in  very  considerable  numbers,  but  only  in  one  instance 
{Case  12)  has  it  been  found  in  the  blood.      This  case  was  rapidly  fatal,  death 
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occurring  about  twelve  hours  after  admission.  There  were  several  small 
penetrating  wounds  in  the  posterior  aspect  of  both  thighs,  discharging  a  very 
foul  and  copious,  thin,  blackish-brown  fluid.  The  wounds  were  covered  with 
coal-black  adherent  sloughs.  On  admission,  gangrene  had  commenced  in  the 
left  foot ;  before  death  it  had  reached  half  way  up  both  thighs.  From  the 
discharge  the  bacillus  of  malignant  oedema,  the  bacillus  of  gas  gangrene,  and 
a  streptococcus  were  grown.  The  blood  for  cultural  examination  was  with- 
drawn six  hours  before  death.  The  temperature,  which  was  102°  on  admis- 
sion, became  subnormal  four  hours  later,  and  remained  so  until  the  close. 
At  no  time  was  the  pulse  countable.  Up  to  within  a  few  minutes  of  death 
there  was  a  most  remarkable  lucidity  of  mind.  The  patient  became  sensible 
of  his  approaching  dissolution,  and  insisted  upon  WTiting  to  his  wife.  This 
he  did,  two  hours  before  he  died.  Post  mortem,  there  was  extensive  gangrene 
of  the  muscles  of  the  lower  extremities,  intense  inflammation  of  the  walls  of 
the  larger  arteries,  and  widespread  venous  thrombosis. 

A  second  case,  not  mentioned  in  the  series,  might  be  included  here.  It 
was  that  of  a  patient  with  a  very  extensive  wound  of  the  thigh,  of  a  typically 
cadaveric  nature,  from  which  the  bacillus  of  malignant  oedema  was  grown 
in  almost  pure  culture.  He  had  symptoms  of  an  intense  toxaemia.  Examin- 
ation of  the  blood  was  negative.  Death  occurred  at  the  end  of  four  days. 
Profoiuid  ansemia  and  rapid  emaciation,  with  a  subnormal  temperature,  were 
the  most  pronovmced  clinical  manifestations.  Delirium  was  not  present  until 
a  few  hours  before  death. 

4.  Septicaemia  due  to  the  Pneumobacillus. — This  case  {Case  13)  is 
rather  imiqiie.  There  was  a  perforating  wound  of  the  thigh,  with  a  fracture 
of  the  ramus  of  the  pubis.  The  woiuid  was  foully  infected,  and  contained 
the  bacillus  of  gas  gangrene  in  very  large  numbers.  The  patient  was 
profoundly  ana?mic  on  admission,  although  he  had  not  lost  much  blood. 
During  the  whole  course  of  the  disease  the  temperature  remained  elevated. 
Syncopal  attacks  were  frequent,  and  at  all  times  the  patient  complained  of 
great  weakness.  The  slightest  exertion  caused  most  alarming  symptoms. 
Two  or  three  days  before  death,  which  followed  rupture  of  an  artery,  the 
general  condition  of  the  patient  had  improved  considerably,  and  one  had 
very  strong  hope  of  a  favourable  issue.  Although  unsupported  by  cultural 
proof,  it  is  justifiable  to  assume  that  in  this  case  the  infection  had  been  over- 
come before  death  occurred. 

TREATMENT. 

Treatment  naturally  divides  itself  into  local  and  general.  It  is  unneces- 
sary' to  indicate  what  is  necessary  for  the  local  focus.  The  ordinary  principles 
of  wound  technique — the  removal  of  sloughs,  the  opening  up  of  tracks,  and  the 
institution  of  thorough  drainage — are  obviously  called  for.  In  the  case  of 
cadaveric  wounds,  nothing  seems  to  be  of  any  avail  ;  the  treatment  of  the 
local  condition  is  that  of  the  general  state.  One  word  of  caution,  perhaps, 
should  be  given.  Such  wounds  must  be  kept  moist,  in  view  of  their  natural 
dryness.  If  permitted  to  become  desiccated,  large  areas  of  necrosis  are  the 
result. 
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On  general  treatment  one  cannot  be  dogmatic,  as  many  of  the  cases  have 
got  well  without  any.  In  others,  again,  several  methods  have  been  exhibited, 
thus  making  it  difficult  to  ascribe  to  any  one  remedy  a  specific  action.  For 
that  type  of  B.  perfringens  septicaemia  described  above,  general  treatment  is, 
apparently,  imnecessary,  the  ojisonic  power  of  the  blood  being  quite  adequate 
to  cope  with  the  infection. 

In  other  cases,  four  different  methods  have  been  employed  :  (1)  Intra- 
venous saline  ;  (2)  Intravenous  cusol ;  (3)  Blood  transfusion  ;  (4)  Autogenous 
vaccines. 

If  asked  to  dogmatize,  which  one  is  very  unwilling  to  do,  intravenous 
eusol  should  be  given  the  place  of  honour.  One  says  so  without  definite 
proof,  but,  at  the  same  time,  fully  appreciative  of  its  remarkable  stimulating 
powers  and  of  the  improvement  which,  on  occasions,  has  seemed  to  follow 
its  use.  About  one  dozen  of  such  infusions  have  been  given,  the  dose  in 
each  instance  being  100  c.c.  of  a  0-5  per  cent  solution.  In  no  case  have  any 
untoward  symptoms,  except  perhaps  a  rigor,  arisen.  Its  stimulating  power 
exceeds  that  of  saline,  for  which  reason  its  employment  in  other  cases  than 
blood  infections  may  prove  of  value.  In  two  cases  of  streptococcaemia  {Cases 
7,  8)  its  use  was  discouraging.  It  would  be  imfair,  perhaps,  to  ignore  its  value 
in  Ca^e  6,  although  one  must  not  lose  sight  of  the  fact  that  in  this  instance 
saline  infusion  and  blood  transfusion  were  also  employed.  One  is  further 
inclined  to  believe  that  a  similar  result  would  not  have  been  secured  without 
its  use  ;  or  at  any  rate  one  can  quite  plausibly  ascribe  to  its  stimidating  power 
the  salutary  effect  it  had,  at  a  time  when  the  patient's  life  was  despaired  of. 
The  case  in  question  resembled  clinically  Case  5,  in  which  vaccines  failed  to 
convince  one  of  their  value.  Of  blood  transfusion  one  can  say  little,  owing 
to  lack  of  experience.  Its  employment  should  not  be  undertaken  lightly, 
as  exceedingly  alarming  symptoms  niay  arise. 

CONCLUSIONS. 

The  conclusions  at  which  one  has  arrived  from  a  study  of  these  few  cases 
of  septicaemia  arc :  that  blood  infection  occurs  more  frequently  in  patients 
suffering  with  gunshot  wounds  than  is  usually  supposed  ;  that  this  infection 
may  be  due  to  a  diversity  of  organisms  ;  that  the  clinical  manifestations  of' 
such  a  complication  may  be  few  and  trivial ;  and  that  the  tendency  to  natural 
cure  is  strong. 

The  following  types  of  cases  would  appear,  from  our  experience,  to  be 
those  worth  investigating  : — 

1.  Cases  presenting  wounds  grossly  infected  with  the  bacillus  of  gas 
gangrene,  and  exhibiting  the  symptom-complex  associated  with  the  third 
type  of  septicjcmia  described  above  produced  by  this  organism. 

2.  Cases  exhibiting  anaemia  and  emaciation  with  wounds  of  the  'cadaveric' 
type. 

3.  All  cases  in  which  delirium  is  present,  apart  from  those  in  which  the 
position  of  the  wound  is  such  that  the  condition  is  intelligible. 

4.  Cases  with  temperature  disturbance  not  accountable  for  by  the  state 
of  the  wound. 
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PARTICULARS     OF     CASES. 

1.    B.  PERFRINGENS  TYPE. 

Cose  1. — Pte.  D.,  age  18.  Wounded  Nov.  13,  1916.  Missile,  high-explosive 
shell.     Admitted  Nov.  15.      Diagnosis  on  admission,  gunshot  wound  of  right  thigh. 

Operation  before  Admission. — The  notes  state  that  there  was  a  penetrating 
wound  of  right  knee-joint,  with  comijound  fracture  of  patella  and  external  condyle 
of  femur.  No  foreign  body  was  found.  Wound  excised,  capsule  sewn  up,  and  a 
salt  pack  inserted. 

On  Admission. — Temperature  100°,  pulse  100,  dirty-yellow  discoloration  of  skin. 
Tongue  dr\'  and  dirty.     F'elt  and  looked  remarkably  well. 

On  outer  side  of  right  knee-joint  was  a  cur\-ed  incision  parallel  to  and  one  inch 
from  the  outer  border  of  the  patella.     Narrow  track  in  centre  of  incision  leads  down 


Fig.  325. — Case   1.     Temperature  Chart. 


to  the  external  condyle  of  the  femur.  No  swelling,  and  very  little  di.scharge.  The 
upper  anterior  surface  of  the  thigh  was  discoloured,  bluish  grey,  crepitant,  and  very 
tender.  It  was  interesting  to  know  that  the  spread  of  gangrene  in  the  cellular  tissues 
had  been  completely  arrested  distally  by  the  bandage  which  had  been  applied  firmly 
round  the  knee.     Proximally  the  discoloration  extended  beyond  Poupart's  ligament. 

Treatment  and  Progress. — Multiple  incisions  in  thigh.  Foreign  body  removed, 
lying  deep  in  muscles  of  upper  part  of  anterior  surface  of  thigh.  Large  intramuscular 
abscess  evacuated.     Blood  culture — B.  perfringens,  with  haemolysis. 

Nov.  26  :  Steady  and  uneventful  recovery.  Nov.  27  :  Blood  count — reds 
3,480,000,  whites  16,800,  haemoglobin  75  per  cent  ;  polymorphs  78-8  per  cent,  large 
lymphocytes  13-7  per  cent,  small  lymphocytes  7-4  per  cent.     Blood   culture — sterile. 

Case  2. — Pte.  B.,  age  32.  Wounded  Nov.  13,  1916.  Missile,  high-explosive 
shell.  Admitted  Nov.  15.  Diagnosis  on  admission,  gunshot  wound  of  both  thighs, 
compound  fracture  of  left  femur. 

Operation  before  Admission. — Entry  and  exit  wounds  opened  freely  and  drained. 
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On  Admission. — Temperature  97-8°,  pulse  120.  Patient  looks  ill.  Tongue  dry 
and  dirty.  Skin  shows  a  dirty-yellow  discoloration,  with  slight  icteric  tinge  of  the 
conjunctivae.     Mentally  very  dull  and  apathetic. 
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Fig.  326. — Case  2.     Temperature  Chart. 


Anteroposterior  perforating 
wound  of  left  thigh,  with  compound 
comminuted  fracture  of  femur. 
Exit  wound  very  foul,  discharge 
copious,  and  limb  very  swollen. 

Treatment  and  Progress. — Salt 
packs  removed,  sloughs  cut  away, 
wounds  drained,  and  limb  put  up 
in  extension.  Blood  culture — B.  per- 
fringens,  with  haemolysis  and  abun- 
dant gas  formation. 

Nov.  23  :  General  state  much 
improved.  Abscess  on  anterior  sur- 
face of  lower  fragment  incised  and 
drained.  Nov.  28 :  Steady  general 
improvement,  copious  discharge  of 
yellow  pus  from  wounds.  Blood 
count— reds  3,160,000,  whites  15,600, 
haemoglobin  60  per  cent  ;  poly- 
morphs 71*6  per  cent,  large  lympho- 
cytes 9-4  per  cent,  small  lympho- 
cytes 18-8  per  cent.  Blood  culture 
— sterile.  Dec.  24  :  Discharged  to 
England. 


Case  3.— Cpl.  P.',  age  28.  Wounded  Oct.  20,  1916.  Missile,  shrapnel.  Ad- 
mitted Oct.  23.  Diagnosis  on  admission,  gunshot  wound  of  left  leg,  fracture  of 
tibia  and  fibula.     No  operation  prior  to  admission. 

On  Admission. — Temperature  102°.  Patient  extremely  ill,  anaemic.  Dirty- 
yellow  discoloration  of  .skin,  and  slight  icteric  tinge  of  conjunctivae.  Tongue  dry 
and  dirty.     Complains  of  severe  pain  in  left  leg. 
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Peiforating  wound  of  the  upper  third  of  left  leg,  with  compound  comminuted 
fracture  of  both  bones.  Exit  woimd  large,  fungating,  and  lacerated,  exceedingly 
foul,  and  covered  with  dark  brown,  stringj',  oedematous  sloughs.  Dark  brown 
discoloration  of  skin,  extending  upwards  into  popliteal  space,  crepitant  on  palpation. 
Copious  discharge,  containing  gas,  oozing  from  wound. 


Fio.  327. — Ca8e  3.     Temperature  Chart. 


Treatment  and  Progress. — Oct.  24  :  Foot  dr>-  and  cyanosed,  cold,  pulseless,  and 
insensible.  Amputation  by  transfixion  method  through  lower  third  of  thigh. 
Blood  examination  —  reds  2,280,000,  whites 
15,600  ;  polj-morphs  73-5  per  cent,  large 
h-mphocj-tes  12  per  cent,  small  lymphocj'tes 
14  per  cent,  eosinophils  0-5  per  cent.  Blood 
culture — streptococci  and  a  few  B.  perfringentes. 

Oct.  26  :  Great  improv^ement  in  general 
condition.  Oct.  30  :  Improvement  maintained. 
Stump  ver\-  sloughy.  Nov.  2  :  Improvement 
continued,  stump  clean  and  granulating.  Flap 
approximation  commenced.  Nov.  5  :  Stump 
completely  closed.  Rolled  rubber  drain. 
Nov.  6  :  Blood  culture — sterile.  Nov.  10  : 
Rigor,  temp>erature  103-6°,  possibly  malarial. 
Nov.  12  :  Rigor,  temperature  104-4°.  Stump 
painless,  no  swelling,  no  discharge.  Nov.  18  : 
Discharged  to  England.  Stump  completely 
healed. 

Case  4. — Pte.  W.,  age  22.  Admitted 
Nov.  3,  1916.  Diagnosis  on  admission,  per- 
forating rifle  grenade  wound  of  left  foot. 

On  Admission. — Patient  was  pale,  and 
looked  ver\'  ill.     Tongue  dry-  and  coated. 

Entr\'  wound  :  Circular  in  shape,  2  inches 
diameter,  situated  on  the  inner  border  of  distal 
half  of  left  foot.     Exit  wound  :     Large  and  irregular  on  the  sole  and    outer    side 

VOL.    v. —  NO.    19.  29 


Fig.  328. — Case  4.     Temperature  Chart. 
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of  middle  third  of  foot,  3  inches  in  its  long  axis.  The  track,  which  was  foul, 
cedematous,  and  lined  with  dark  brown,  stringy  sloughs,  passed  through  the  meta- 
tarsal region,  causing  extensive  comminution  of  the  first  four  metatarsals.  The 
discharge  was  thin,  watery,  chocolate  coloured,  copious,  and  very  foul.     Bacterio- 
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Fig.  329. — Case  5.     Temperature  Chart. 


logically,  it  contained  B.  perfringens,  B.  aedematis  maligni,  B.  Hibler  IX,  free 
spores,  streptococci,  staphylococci,  and  B.  pyocyaneus.  Blood  culture— yielded 
M .  tetragenus  and  B.  perfringens,  with  gas  formation  and  gelatinization  of  medium, 
and  subsequent  haemolysis.     Blood  count — reds    3,200,000,   whites    11,000,    haemo- 
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globin  55  per  cent  ;  polymorphs  79  per'cent,  large  lyniphocj'tes  10  per  cent,  small 
Ij-mphocj-tes  10  per  cent,  eosinophils  1  per  cent. 

Treatment  and  Progress. — Bath  for  six  hours  ;    eusol  fomentations. 

Nov.  7  :  Temperature  ranging  between  101"  and  103°.  Foot  became  more 
swollen,  with  oedema  of  calf  of  leg.  No  crepitation.  General  condition  ver\-  poor. 
L.eg  was  amputated  in  upper  third.  For  the  next  two  days  the  temperature  remained 
at  103",  and  then  came  down  to  normal  by  crisis.  One  flap  of  the  stump  went 
gangrenous  and  was  cut  away.  Nov.  15  :  Progress  up  to  this  point  had  been  good 
and  rapid  ;  temperature  remained  down,  and  general  condition  improved  markedly  ; 
the  stump  cleaned  up  rapidly.  Patient  here  developed  tetanus,  and  died  from  this 
complication  six  days  later. 

2.    STREPTOCOCCUS  TYPE. 

Case  5. — Pte.  M.,  age  20.  Wounded  July  1,  1916.  Missile,  shrapnel.  Admitted 
Sept.  11.     Diagnosis,  gunshot  wound  of  knee  ;   amputation. 

Operation  before  Admission,  July  5. — Amputation  at  junction  of  upper  and 
middle  thirds  of  thigh  for  gas  gangrene. 

On  Admission. — Temperature  101-6°.  Patient  very  ill,  pale,  and  emaciated. 
Amputation  stunip  conical,  with  2  inches  of  bone  protruding  ;  exposed  surface  covered 
with  pale  anaemic  granulations ;  practically  no  discharge. 

Treatment  and  Progress. — Sept.  16  :  Temperature  103°  at  night.  .  Complains  of 
pain  in  left  groin  ;  no  swelling,  but  slight  tenderness.  Movements  of  hip-joint 
exceedingly  painful.  Dr>'  arthritis  of  hip-joint  diagnosed,  and  limb  put  up  in  exten- 
sion. Sept.  25  :  Blood  culture — sterile.  Sept.  27  :  Ver\-  troublesome  diarrhoea. 
Oct.  6  :  Patient  becoming  thinner,  eats  and  sleeps  badly,  slightly  jaundiced.  Blood 
culture — Streptococcus  lonous.  Oct.  10  :  Sensitized  autogenous  vaccine  made,  and 
injections  commenced  with  10,000.000.  Starting  pains  in  left  hip-joint  at  nights. 
Oct.  14  :  25,000,000  vaccine,  followed  by  marked  reaction.  Oct.  17  :  25,000,000 
vaccine,  marked  reaction.  Pain,  tenderness,  and  swelling  around  right  elbow-joint. 
Patient  ven,-  ill.  Oct.  20  :  25,000,000  vaccine.  Swelling  and  redness  of  arm  gone. 
No  swelling  or  pain  in  left  hip-joint.  Oct.  23  :  50,000,000  vaccine.  Oct.  26  : 
100,000,000  vaccine.  Oct.  27  :  Blood  culture— negative.  Oct.  29  :  Temperature 
104°.  Slight  oedema  in  left  groin.  Nov.  11  :  Three  ounces  of  pus  evacuated  by 
incision  above  and  parallel  to  Poupart's  ligament.  Nov.  22  :  Incision  in  right  groin 
healed.     General  condition  much  better.     Dec.   19  :    Discharged  to  England. 

Case  6. — Pte.  C,  age  22  Wounded  Jan.  6,  1917.  Missile,  shrapnel.  Admitted 
Jan.  10.     Diagnosis,  gunshot  wound  of  thigh  and  leg. 

Operation  before  Admission,  Jan.  6. — Wounds  excised  and  drained. 

On  Admission. — Temperature  100-6°,  pulse  100.  Patient  verj^  anaemic,  and 
looked  ill.  Slight  icteric  tinge  of  conjunctivae.  Tongue  dry  and  dirty.  Ihilse  small 
and  poor. 

Two  penetrating  wounds  on  inner  aspect  of  lower  half  of  left  thigh.  Track  in 
each  case  leads  directly  outwards  for  3  inches.  Copious  discharge  of  yellow  pus. 
There  was  an  elliptical  excised  wound  5  inches  long,  extending  deeply  behind  the 
tibia.  Wound  surfaces  were  cov^ered  with  string^',  oedematous,  dark-brown  sloughs. 
There  was  considerable  necrosis  of  the  intermuscular  septa,  and  a  copious  foul 
discharge.    There  were  numerous  small  penetrating  woiuids  on  back,  and  right  thigh. 

Treatment  and  Progress. — Jan.  12  :  Op>eration.  Wounds  cleaned  up,  all  slough  cut 
away,  and  Carrel's  treatment  instituted.  Jan.  13  :  Wounds  extremely  foul,  and  of 
'  cadaveric  '  tji^e.  Eusol  fomentations  applied.  Jan.  14  :  Intravenous  eusol,  100 
c.c.  Jan.  16  :  All  slough  separated  from  wound  ;  exposed  tissues  pale,  painless, 
soft,  desiccated,  and  elastic ;  practically  no  discharge.  Blood  culture — yielded 
Streptococcus  longus,  growing  more  profusely  in  anaerobic  culture,  and  with  distinct 
haemolysis  Intravenous  eusol,  100  c.c,  with  saline  10  ounces.  Jan.  17  :  Patient 
in  extremis.  Exceedingly  pale  and  thin,  pulse  running  and  almost  uncountable, 
respirations  very  shallow,  skin  cold  and  dry,  slight  delirium  at  times,  practically 
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no  discharge  from  wound.  Secondary  haemorrhage  from  posterior  tibial  artery  ; 
amputation  through  lower  third  of  thigh.  Intravenous  eusol,  100  c.c,  saline  10 
oimces.  Jan.  18  :  Patient  still  very  ill.  Citrated  whole  blood,  16  ounces,  injected 
intravenously.      Feb.   10  :    There  has  been  a  gradual  and  slight  improvement  in 
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Fio.  330. — Case  6.     Temperature  Chart, 

patient's  general  condition,  the  wounds  remaining  in  the  '  cadaveric  '  state.  Several 
abscesses  developed  in  connection  with  wounds  of  both  thighs,  and  these  were 
opened  and  drained.  Feb.  14  :  Wounds  healthy  and  granulating.  The  general 
condition  much  improved.     Feb.  27  :    Discharged  to  England  cured. 
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Case  7. — Pte.  C,  age  25.  Wounded  Oct.  20,  1916.  Admitted  Oct.  24.  .  Diagnosis, 
gunshot  wound  of  buttock. 

Operation  before  Admission. — Woiuid  excised  and  drained. 

On  Admission. — Temperature  102°,  pulse  96.  Patient  mildly  delirious,  and 
complaining  of  pain  in  right  leg  and  right  hj-pogastrium. 

Large  excised  wound  of  the  right  buttock,  extending  deeply  into  muscles, 
moderately  clean,  and  a  moderate  amount  of  discharge.  Swelling,  oedema,  and 
tenderness  of  middle  of  posterior  aspect  of  right  thigh. 

Treatment  and  Progress. — Slight  improvement  in  general  condition ;  but  still 
delirious.  Abscess  in  thigh  extending  from  buttock  wound  opened  and  drained. 
Syringed  and  dressed  with  eusol  three  times  daily. 


96  86  lOOjlOfrlOO  88  96 


1/6  ia;iwi(»ii6i<wi20 


I20II2  IA0S8  112.  loom 


II6/O0I321O2II6  98  100 


mi\b[SO\SLMS[ 
l02ll4ilU(>6J 


Fig.  331. — Case  7.    Temperature  Chart. 

Oct.  28  :  Blood  culture — vielded  Streptococcus  Icmgtts  in  pure  culture.  Nov.  1  : 
Autogenous  streptococcal  vaccine,  5,000,000.  Wound  drained  satisfactorily.  General 
state,  in  statu  quo.  Nov.  3  :  Intravenous  eusol,  100  c.c.  Nov.  5 :  Vaccine, 
10,000,000.  Blood  culture — Streptococcus  longus.  Nov.  7  :  Vaccine,  15,000,000. 
Nov,  8  :    Intravenous  eusol  0-5  per  cent,  100  c.c.     Nov,  11  :    Patient  died. 

During  the  whole  course  of  the  disease  patient  was  delirious  ;  he  slept  and  ate 
moderately  well.  The  progress  of  the  woimd  was  satisfactory.  The  terminal  stages 
of  the  disease  were  complicated  by  increase  in  delirium,  emaciation,  profuse  sweating, 
and  incontinence  of  urine  and  faeces.  No  metastases  were  observed,  and  a  post- 
mortem was  not  performed. 

Case  8. — Pte.  B.,  age  25.  Wounded  Oct  5,  1916.  Missile,  shrapnel.  Admitted 
Oct.  8.     Diagnosis,  gunshot  wound  of  thigh. 

Operation  before  Admission. — Excision  of  wounds. 

On  Admission. — General  state  fair,  tongue  clean.     Temperature  100°,  pulse  70. 

Large  circular  excised  wound  2J  inches  in  diameter,  base  fairly  clean,  marked 
reaction  in  surrounding  skin. 

Treatment  and  Progress. — Steady  general  improvement  for  five  days  after 
admission, 

Oct.  19  :  Temperature  105=,  pulse  88.  Does  not  complain  of  pain.  Wounds 
satisfactory'.  Abdomen  and  chest,  nothing  abnormal.  Oct.  22 :  Temperature 
104-8°,    pulse   80.     Delirium   of  a   hysterical   nature.     Oct.   23:     Urine   examined. 
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Fio,  332. —  Case  8.     Temperature  Chart. 


SEPTICEMIA    IN    GUNSHOT    WOUNDS        413 

nothing  abnormal  found.  Leucocytosis  7,000.  Widal  negative.  Faeces  examined, 
B.  coli  only  found.  Heart,  lungs,  and  abdomen  normal.  Wounds  healing  rapidly. 
Oct.  25  :  Streptococcus  longiis  in  pure  culture  found  in  blood.  Delirious  during  the 
greater  part  of  the  day.  Oct.  26  :  Diarrhoea.  Eusol,  100  c.c,  intravenously. 
Oct.  27  :  Swelling,  oedema,  and  redness  round  both  elbow-joints  and  left  wrist- 
joint.  Oct.  29  :  Patient  getting  worse.  Nov.  1  :  Embolus  in  left  choroidal  vessels. 
Xov.  4  :  Right  arm  opened  and  4  ounces  of  pus  evacuated  ;  no  bone  or  joint 
involvement.  Autogenous  antistreptococcal  vaccine,  10,000,000,  given.  Nov.  14  : 
Patient  much  weaker.  Incontinence  of  urine  and  faeces.  Very  free  perspiration. 
Wounds  healing.     Nov.  15  :    Patient  died  comatose. 

Case  9. — Pte.  W.,  age  27.  Wounded  Aug.  29,  1916.  Missile,  bomb.  Admitted 
Sept.  3.     Diagnosis,  gunshot  wounds,  multiple. 

Operation  before  Admission. — Excision  of  wounds,  and  drainage.  Left  shoulder- 
joint  excised. 

On  Admission. — General  condition  good. 
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Fig.  333. — Case  9.     Temperature  Chart. 

Penetrating  wounds  of  both  shoulders,  both  elbows,  both  wrists,  and  left  ankle- 
joint.     Wounds  were  all  in  a  satisfactory  condition,  and  draining  well. 

Treatment  and  Progress. — Dressed  with  eusol  three  times  daily.  Apart  from 
temperature,  patient's  progress  was  ver\'  satisfactory*. 

Oct.  1  :  Blood  culture — Streptococcus  longus.  Oct.  5  :  Temperature  normal. 
Oct.  19  :   Discharged  to  England. 

Case  10. — L.-Cpl.  R.,  age  22.  Wounded  April  23,  1917.  Missile,  whizz-bang. 
Admitted  May  3.     Patient  lay  out  two  days  after  being  wounded. 

Operation  before  Admission.— Wounds  had  been  excised. 

On  Admission. — Slight  degree  of  anaemia,  and  a  tired  expression.  Says  he 
feels  well.     Temperature  98°. 

There  were  two  penetrating  wounds  on  the  outer  side  of  the  right  thigh,  each 
about  the  size  of  a  florin.  The  track  in  each  invades  the  superficial  layers  of  under- 
lying muscle  only.  Discharge  moderate  in  amount,  yellow  in  colour,  and  thick  in 
consistence.  It  contains  streptococci  chiefly.  Granulations  are  abundant,  but  pale 
and  oedematous. 
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Treatment  and  Progress. — May  7  :  Temperature  103°.  Mild  delirium  and 
drowsiness.  Wounds  are  still  in  a  callous  state.  No  pain,  tenderness,  or  swelling. 
Says   he   feels   very  well.     May   8  :     Streptococcus    isolated   from   blood.     General 


Fig.  334. — Case  10.     Temperature  Chart. 


condition  of  patient  quite  satisfactory.  No  special  treatment  adopted.  Wounds 
in  stain  quo.  May  14  :  Blood  sterile.  Delirium  and  drowsiness  quite  gone. 
Patient  looks  well,  is  not  so  anaemic,  looks   and  feels  well.      One  wound  in  thigh 

almost  healed.  The  other  is  discharging 
slightly.  May  18  :  Temperature  103°. 
More  discharge  froni  wound.  Patient 
very  drowsy,  and  not  looking  quite  so 
well.  May  19  :  Streptococcus  found  in 
blood.  May  21  :  Slight  attack  of  diar- 
rhoea. May  24  :  Wounds  explored — ver\' 
satisfactory.  General  condition  of  patient 
is  remarkably  good.  He  eats  and  sleeps^ 
well.     His  drowsiness  has  quite  gone. 

Case  II. — Pte.  W.,  age  25.  Wounded 
May  3, 1917.  Missile,  machine-gun  bullet. 
Admitted  May  4. 

On  Admission. — Severe  perforating 
wound  of  right  forearm  just  below  elbow- 
joint,  with  comminuted  fracture  of  ulna. 
Discharge  copious,  and  containing  bub- 
bles of  gas.  Arm  swollen  and  cedematous. 
No  radial  pulse.  Pus  from  wound  con- 
tained B.  perfringens  and  streptococci. 

Treatment    and    Progress. — May    5  : 

Wound   opened    up    and   drained.     Hole 

found  in  wall  of  radial  arter\%  which  was 

One  and  a  half  inches  of  artery  resected.    May  7  :  Rapidly 


Fig.  335. — Case  11.     Temperature  Chart 


blocked  by  septic  clot. 
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spreadino;  emphysematous  gangrene  of  forearm.  Amputation  through  middle  of 
upper  arm.  Blood  culture — streptococcus  isolated.  Further  progress  uneventful. 
Blood  sterile  on  sixth  day  after  amputation. 

The  blood  for  investigation  was  taken  immediately  before  amputation.  The 
general  condition  of  the  patient,  on  admission,  ver\'  closely  resembled  that  associated 
with  the  mild  type  of  septicaemia  produced  by  the  bacillus  of  gas  gangrene. 


Fig.  336.— Case  12. 
Temperature  Chart. 


3.    MALIGNANT  (EDEMA  TYPE. 

Case  12. — Pte.  J.,  age  33.  Wounded  Nov.  13,  1916. 
Missile,  shrapnel.  Admitted  Xov.  15.  Diagnosis  on  admission, 
gunshot  wound  of  legs.     No  operation  on  admission. 

On  Admission. — Temperature  102^.  Exceedingly  ill,  pulse 
almost  uncountable  ;  ver\'  pale,  and  slightly  jaundiced.  Men- 
tally, remarkably  clear.  Has  no  pain,  feels  quite  comfortable 
and  contented. 

Lacerated  elongated  wound  6  inches  long  on  outer  surface 
of  left  thigh  just  above  great  trochanter.  Several  penetrating 
wounds  on  posterior  aspect  of  both  calves.  Wounds  extremely 
foul,  covered  with  black,  closely-adherent  sloughs,  bleeding  on 
removal.  An  almost  continuous  flow  of  thin,  dark-brown  fluid. 
Left  lower  extremity  as  far  as  knee  was  cold,  black,  and 
tympanitic.  Right  foot  and  lower  third  of  leg  black  and 
gangrenous.  Skin  beyond  this  as  far  as  knee  raised  in  blebs 
containing  dark-brown  putrid  fluid. 

Treatment  and  Progress. — Stimulants.  Eusol,  100  c.c,  intra- 
venously. Eight  hours  later  the  gangrene  has  spread  as  far 
as  the  middle  of  both  thighs.  The  thermometer  failed  to 
register,  and  the  pulse  was  uncountable.  During  this  time 
the  dressings  and  mattresses  were  several  times  .soaked  with 
discharge.  Death  ensued  twenty-one  hours  after  admission. 
Patient  was  perfectly  conscious  until  within  five  minutes  of  death.     Pus  contained 

B.  perfringens  and  B.  oedematis  maligni. 
Blood  culture — B.  oedematis  maligni,  with 
marked  haemolysis. 

4.    PNEUMOBACILLUS     TYPE. 

Case  13. — Pte.  H.,  age  26.  Wounded 
Nov.  14,  1916.  Admitted  Nov.  2i . 
Diagnosis,  gunshot  wound  of  right  groin. 
Missile,  high -explosive  shell. 

On  Admission.  —  Patient  very  pale 
and  haggard,  slightly  cyanosed,  but  not 
complaining  much  of  pain  ;  tongue  dry' 
and  dirty.     Temi>erature  102',  pulse  104. 

Entry  wound  :  Circular,  1  inch  in 
diameter,  above  and  external  to  middle 
of  right  buttock.  Exit  wound  :  Large 
and  irregular,  about  4  inches  long,  situa- 
ted in  right  groin.  Extremely  foul,  and 
discharging  copious  foul  pus. 

There  was  a  patchy  consolidation  of 
the  right  base. 

Treatment  and  Progress. — Nov.  24  : 
Eusol  dressing  to  wound,  and  stimulants. 
Secondary'  haemorrhage  from  obturator 
arter\'.  Arterj-  tied.  Large  area  of  gan- 
grene palpated  in  pelvis  through  obturator  foramen.     Area  cleaned  up  and  drained. 


Fig.  337.— Ca.se  13.     Temperature  Chart. 
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Counter-incision  for  drainage  immediately  above  outer  half  of  Poupart's  ligament. 
Intravenous  saline,  1  pint,  normal  horse  serum,  10  c.e.  hypodermically  ;  calcium 
lactate,  gr.  x,  three  times  daily, 

Nov.  25  :  Blood  examination^ — coagulation  time,  eight  minutes  ;  leucocytes 
18,400.  Blood  culture — yielded  pneumobacillus.  Nov,  26  :  Examination  of 
sputum — pus  cells  numerous  ;  gram  positive  bacilli  and  streptobacilli  predomin- 
ating organism.  Intravenous  saline,  1  pint.  Nov.  27  :  Patient  very  weak  and  ill  ; 
had  several  syncopal  attacks.  Nov,  29  :  Slight  general  improvement.  Right  ankle 
swollen,  oedematous,  and  tender.  Wound  cleaned,  Dec.  2  :  Great  improvement  in 
general  state.  Dec,  4  :  Improvement  maintained,  wounds  granulating  nicely, 
practically  no  discharge.     Dec.  5  :    Secondary  haemorrhage  and  death. 

Post-mortem. — Wounds  of  entry  and  exit,  and  track  of  missile,  were  fairly  clean  ; 
there  was  some  sloughing  of  the  track  in  the  neighbourhood  of  the  pelvis,  and  the 
muscles  were  friable  and  cedematous.  Hfemorrhage  was  found  to  have  occurred 
from  a  branch  of  the  obturator  artery.  There  was  a  slight  fracture  of  the  pubic  arch 
on  the  upper  surface,  but  no  gross  lesion  anywhere.  Both  lungs  showed  a  septic 
bronchopneumonia. 
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TWO    CASES    OF 
SQUAMOUS    EPITHELIAL    TUMOUR    OF    THE    BREAST. 

By    RAYMOND    JOHNSON,    London, 
AND    T.    W.    P.    LAWRENCE,    London. 

The  rarity  of  tumours  of  the  breast  containing  squamous  epithelium  is 
sufficient  to  justify  the  pubUcation  of  the  two  cases  with  which  this  short 
commiuiication  deals. 

Ordinary  squamous-celled  carcinoma  arising  in  the  cutaneous  covering  of 
the  breast  calls  for  no  particular  remark.-  Examples  of  squamous-celled 
carcinoma  originating  deeply  in  the  breast  substance  are  also  on  record. 
Such  tumours  may  be  supposed  to  have  their  origin  either  in  rests,  or  in  a 
reversion  of  the  glandular  epithelium  to  the  original  type  in  which  the 
epithelium  of  the  breast  takes  its  origin  (metaplasia). 

In  the  two  cases  here  recorded,  the  growth  presented  itself  as  a  definite 
tumour  of  the  breast,  and  in  each  the  outstanding  histological  feature  was 
the  presence  of  squamous  epithelium  with  well-developed  prickle  cells. 

The  first  case  was  that  of  a  married  woman,  age  53,  who  accidentally 
discovered  a  hmip  in  the  left  breast  three  weeks  before  she  came  under 
observation. 

On  examination,  a  roimded  tumour  as  large  as  a  walnut  was  present  in 
the  upper  and  outer  quadrant  of  the  breast.  The  nipple  was  normal,  and 
the  timiour,  although  intimately  connected  with  the  breast  tissue,  was  not 
attached  to  the  skin  or  deeper  structures.  There  were  no  palpable  glands 
in  the  axilla.  The  tumour  appeared  to  be  slightly  elastic,  and  was  thought 
to  be  a  cyst. 

It  is  interesting  to  mention  that  three  of  the  patient's  sisters  had  had 
cysts  of  the  breast.  In  one,  a  cyst  had  been  excised  ;  in  another,  two  cysts 
had  been  punctured  ;  and  in  the  third,  two  operations  had  been  performed 
for  multiple  cystic  disease. 

The  tumour,  on  removal,  proved  to  be  a  solid  growth,  and  was  regarded 
as  a  carcinoma.  The  whole  breast,  with  the  pectoral  muscles  and  axillary 
contents,  was  therefore  removed.  A  year  later  there  was  no  e\adence  of 
recurrence. 

Description  of  Specimen. — The  tumour  is  ovoidal  in  shape,  and  measures 
5  cm.  in  its  longest  diameter.  In  the  fresh  state  the  consistence  was  moder- 
ately firm,  and  the  surface  of  the  section  presented  an  opaque  white  colour 
and  coarse  granular  structure.  After  hardening  in  formalin,  a  fresh  section 
of  the  tumour  shows  to  the  naked  eye  a  grey  fibrous-looking  ground-substance, 
in  which  are  irregular  opaque  areas  of  a  yellowish-white  colour.  The  tumour 
has  a  well-defined  outline,  but  is  intimately  connected  with  the  surrounding 
breast  tissue  and  fat. 
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Fig.   340. 


Fig.  341. 


Squamous    Epithelial    Tumour    of    the    Breast. 

Drawn  by  T.    W.  P.  Lawrence,   F.R.C.S. 
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The  remainder  of  the  mammary  gland  is  atrophied,  but  otherwise  normal 
in  appearance.  The  axillarj'  fat  contains  several  glands,  the  largest  of  which 
is  1-5  cm.  in  length  and  presents  a  narrow  zone  of  lymphoid  tissue  aroiuid 
a  fatty  centre. 

Microscopic  Structure. — The  outstanding  feature  in  the  structure  of 
the  tumour  is  the  presence  of  irregular  masses  of  epithelium  {Fig.  338),  the 
cells  of  which  are  in  a  large  measure  very  perfectly  developed  prickle  cells 
{Fig.  339).  In  each  epithelial  mass,  the  cells  which  lie  next  the  stroma 
are  small  flattened  prickle  cells.  Beneath  these  is  a  thick  layer  of  larger 
prickle  cells.  Still  nearer  the  centre  of  the  mass  is  a  thin  layer  of  swollen 
cells  in  which  prickle  cells  are  almost  completely  absent.  These  cells  stain 
blue  with  ha^matoxylin,  and  some  of  them  contain  masses  of  fine  granules. 
Lastly,  the  centre  of  the  mass  is  composed  of  nucleated  squamous  cells, 
staining  pink  with  eosin,  and  in  many  places  arranged  in  cell-nests.  There 
is  no  evidence  of  degeneration  of  the  cell  masses.  No  structures  resembling 
papilht  are  to  be  seen.  Interspersed  among  these  masses  are  numerous 
irregular  gland-like  spaces,  lined  with  irregular  spheroidal  epithelium  in 
layers  of  from  one  to  three  cells.  Some  of  the  spaces  contain  a  structureless 
or  finely  granular  substance  staining  pink  with  eosin.  In  some  places  a  direct 
transition  of  the  epithelial  lining  of  these  glandular  spaces  into  the  masses 
of  i^rickle  cells  can  be  traced  {Fig.  340).  The  stroma  for  the  most  part  stains 
blue,  and  is  composed  of  a  loose  cellular  connective  tissue  ;  in  other  parts  it 
is  pink,  and  is  composed  of  bimdles  of  white  fibrous  tissue  containing 
spindle-shaped  nuclei.  Scattered  through  the  tumour  are  small  islands  of 
breast  tissue,  vnth  fat  {Fig.  341).  The  stroma  around  these  islands  shows  a 
lymphocytic  exudation,  but  no  such  exudation  is  present  elsewhere.  The 
axillary  lymphatic  glands  removed  show  no  deposit  of  growth. 

A  search  through  the  literature  of  the  subject  shows  that  the  tumour 
most  closely  resembling  that  now  under  consideration  is  one  described  by 
Konjetzny  {Beitr.  z.  klin.  Chir.,  1912,  Ixxviii).  This  tumour  occurred  in 
a  woman,  age  34,  who  was  pregnant  at  the  time  ;  it  had  been  noticed  for 
six  months,  and  was  situated  in  the  outer  part  of  the  right  breast.  The 
tumour  after  removal  measured  15  cm.  by  8  cm.,  and  consisted  of  a  cyst 
surrounded  by  solid  growth.  Microscopically,  the  solid  part  of  the  tumour 
showed  cell  masses  consisting  of  typical  stratified  squamous  epithelium  with 
very  perfectly  developed  prickle  cells.  Besides  these  there  were  small  masses 
of  rounded  cells,  having  in  parts  an  alveolar  arrangement,  and  without  prickle 
cells.  The  axillary  glands  showed  a  simple  inflammatory'  hyperplasia.  No 
direct  connection  of  the  tumour  tissue  with  that  of  the  breast  could  be 
demonstrated,  and  Konjetzny  suggests  that  the  tumour  probably  had  its 
origin  in  an  early  embryonic  ectodermal  rest. 

Small  masses  of  squamous  epithelium,  sometimes  mixed  with  cholesterin 
to  form  cysts,  are  occasionally  met  with  in  tumours  having  the  general 
characters  of  fibro-adenoma. 

The  second  case  was  that  of  a  married  woman,  age  50,  who  was  admitted 
into  University  College  Hospital,  April  3,  1913,  Avith  a  tumour  of  the  left 
breast  which  had  been  noticed  for  four  months.  An  "  abscess  "  formed  in 
the  tumour,  and,  after  poulticing,  discharged  through  the  skin. 
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Fig.  342. 


Fig.   343. 


Fig.   344. 

Squamoos-celled    Carcinoma    of    the    Breast. 

Drawn  by   T.    W.   P.   Lawrence,   F.R.C.S. 
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On  admission  to  the  hospital,  there  was  a  prominent  tumour,  3  in.  in 
diameter,  in  the  upper  and  inner  quadrant  of  the  left  breast.  The  overlying 
skin  was  reddened,  and  the  centre  had  broken  down  to  form  a  small  round 
ulcer  with  soft  flat  base  and  thin  non-indurated  margins.  From  the  ulcer 
a  probe  could  be  passed  into  the  centre  of  the  growth  for  2 J  inches.  There 
was  a  free  discharge  of  yellow  serous  fluid.  The  whole  tumour  was  soft, 
and  the  skin,  except  at  the  margin  of  the  ulcer,  was  not  infiltrated.  The 
remainder  of  the  breast  appeared  to  be  normal,  and  the  tumour  was  not 
fixed  to  the  pectoral  muscle.  Two  enlarged  hard  glands  could  be  felt  in 
the  axilla,  and  another  as  large  as  a  pea  in  the  poster  or  triangle  of  the  neck. 
There  were  no  evidences  of  secondary  deposits  in  the  thorax  or  abdomen. 

The  breast,  together  with  the  axillary  contents  and  the  pectoral  muscles, 
was  removed. 

Description  of  Specimen. — A  section  through  the  breast,  after  hardening 
in  formalin,  shows  that  the  peripheral  part  of  the  tumour,  which  is  intimately 
connected  with  the  surrounding  fat  and  the  remains  of  the  breast  tissue,  is 
of  a  tmiform  yellowish-white  colour,  whilst  the  central  part  is  broken  down 
into  an  irregular  cavity.  The  tumour  extends  into  the  breast  for  7  cm. 
beneath  the  skin.  Superficially  the  gro>\'th  extends  to  the  floor  of  the  ulcer 
above  mentioned,  and  in  this  situation  takes  the  form  of  small  opaque  white 
strands  in  the  subcutaneous  fat.  The  nipple  is  separated  by  3  cm.  from  the 
edge  of  the  grovs-th  ;  it  is  normal,  and  beneath  it  is  a  small  area  of  breast 
tissue. 

Microscopic  Structure. — The  tumour  is  a  squamous-celled  carcinoma. 
The  epithelium  is  arranged  in  masses,  in  each  of  which  is  a  central  core  of 
loose  connective  tissue  {Fig.  344).  The  layer  of  cells  immediately  surroiuid- 
ing  the  connective  tissue  presents  the  appearance  of  those  of  the  Malpighian 
layer  of  the  skin,  whilst  peripheral  to  these  are  gradations  passing  to  horny 
scales  {Fig.  342).  In  places  well-marked  prickle  cells  are  present  {Fig.  342). 
The  axillary  lymphatic  gland  examined  is  infiltrated  with  masses  of  squamous 
cells  {Fig.  343). 

In  the  second  of  these  two  cases  we  have  no  doubt  that  we  are  dealing 
vnth  a  squamous-celled  carcinoma  originating  in  the  skin  overlying  the 
breast,  and  with  the  naked  eye  it  was  possible  to  trace  fine  lines  of  opaque 
grovv-th  between  the  surface  of  the  tumour  and  the  skin  itself.  The  structure 
of  the  tumour  is  in  one  respect  peculiar,  in  that  the  epithelial  masses,  instead 
of  presenting  the  usual  alveolar  structure,  have  retained  an  exaggerated 
papillary  arrangement,  so  that  these  masses  in  section  are  seen  to  enclose  a 
core  of  cellular  connective  tissue  {Fig.  344). 

The  true  nature  of  the  first  specimen  is  less  apparent.  Among  the 
reasons  that  lead  us  to  believe  that  the  tumour  is  not  a  carcinoma  are  : 
(1)  The  association  of  gland-like  spaces  with  the  epithelial  masses  ;  (2)  The 
abrupt  change  from  the  small  cubical  epithelium  of  the  spaces  into  the 
squamous  epithelium  of  the  cell  masses  ;  and  (3)  The  regularity  of  the  cells 
of  the  squamous  epithelial  masses.  Possibly  the  tumour  is  allied  to  those 
recorded  by  Wilms,  Beneke,  and  others,  in  which  epithelial  i:)earls  are  present 
in  fibro-adenomas. 
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REMOVAL    OF    A    RIFLE    BULLET    FROM    THE 
RIGHT  LOBE    OF    THE    CEREBELLUM;     ILLUSTRATING    THE 
SPONTANEOUS    MOVEMENT    OF    A    BULLET  IN    THE   BRAIN.* 

By   GEOFFREY  JEFFERSON, 

Chief  Surgeon  to  the  Anglo -Russian  Hospital,  Pelrograd. 

The  following  case  is  chiefly  interesting  as  being  a  good  example  of  the 
spontaneous  movement  of  a  bullet  within  the  brain.  Indeed  the  bullet  not 
only  moved,  but  turned  round — spontaneous  version. 


Fig.  345. — Lateral  view  of  .skull.  Bullet 
lies  nose  downwards  and  forwards  in  cere- 
bellum, 3  cm.  from  os  occipitale..  The  x 
marks  point  of  entry. 


Fig.  34<!. — Lateral   view  of  skull    19  day.v 
later.      Bullet  now  lies  nose  upwards    1   cm. 
from  OS  occipitale. 


The  patient  was  a  Tartar  boy,  age  18,  a  chauffeur.  He  was  shot  in  the 
head  on  the  afternoon  of  Feb.  28,  1917,  during  the  Revolution.  Judging 
by  the  position  of  the  woiuid  and  by  the  course  taken  by  the  bullet,  the  shot 
was  probably  fired  from  a  house-top.  He  was  admitted  to  the  Anglo-Russian 
Hospital  in  a  semi-conscious  condition  within  a  few  minutes  of  being  Avounded. 
He  vomited  several  times  in  tlje  first  half-hour.  The  woimd  was  situated 
12  cm.  aboA-e  and  1  cm.  behind  a  line  drawn  vertically  upwards  from  the 
prc-auricular  ])oint.     The  scalp  was  shaved  and  the  wound  explored,  without 


*  Paper   read   and    ca.se   exhibited    before   the    Russian    Surgical    Society   of  Pirogov, 

Petrograd,  May  23,  1917. 
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antcsthesia.  The  bullet  track  ran  downwards  and  backwards  through  the 
meninges.  There  was  remarkably  little  splintering  of  the  skull.  The  bullet 
was  not  palpable.  The  patient  was  .c-rayed  the  following  day,  and  a  rifle  bullet 
was  seen  to  be  lying  in  the  right  cerebellar  fossa.  The  bullet  lay  obliquely, 
with  its  nose  downwards,  inwards,  and  forwards,  suggesting  that  it  had  been 
deflected  somewhat  after  entering  the  skull.  It  lay  embedded  some  3  cm. 
deep  in  the  right  lobe  of  the  cerebellum  {Figs.  345,  347).  Considering  the 
serious  condition  of  the  patient  and  the  depth  of  the  projectile,  it  was  con- 
sidered inadvisable  to  attempt  immediate  removal.  Clinically,  the  chief 
localizing  signs  were  nystagmus  towards  the  right,  a  tendency  to  fall  always 
towards  the  right  side  when  made  to  take  a  few  steps,  and  right-sided 
dysdiadochoki  nesia. 

During  the  ensuing  days  he  gradually  improved,  and  on  March  19  fresh 
iT-ray  photographs  (a  stereoscopic  pair)  were  taken  preliminary  to  operation. 


Fig.  347. — Antero -posterior  view  of  skull. 
Bullet  lies  obliquely  in  right  lobe  of  cere- 
bellum, its  base  towards  middle  line.  (Plate 
made  with  tube  in  front,  plate  behind.) 


Fig.  348. — -Antero-posterior  view  of  skull 
19  days  later.  Bullet  lies  almost  horizon- 
tally, base  outwards.  (Plate  made  with  tube 
behind,  plate  in  front.  ^ 


It  was  now  seen  that  the  bullet  had  moved  during  the  nineteen  days  that  the 
patient  had  lain  upon  his  back.  It  had  sunk  backwards  until  it  was  now 
separated  from  the  inner  surface  of  the  occipital  bone  by  barely  1  cm.  This 
general  movement  backwards  had  been  accompanied  by  a  version  of  the 
bullet,  so  that  its  nose,  which  formerly  pointed  forwards,  downwards,  and 
inwards,  now  pointed  backwards,  upwards,  and  inwards  {Figs.  346,  348),  the 
general  lie  of  the  bullet  being  now  horizontal.  The  bullet  had  therefore 
traversed  a  distance  of  some  2  cm.,  and,  as  will  be  seen  from  the  plates, 
its  base  had  gone  through  a  relatively  large  excursion. 

It  is  unfortunate  that  the  later  antero-posterior  radiograms  were  taken 
from  before  backwards,   the  earlier  one  having  been  taken  in    the   reverse 
VOL.  v. — so.  19.  30 
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direction.  However,  there  can  be  no  doubt  about  the  fact  that  the  bullet 
has  actually  moved  considerably  in  this  ease,  though  Gamlen  and  Smith^ 
arc  doubtless  right  in  believing  that  such  movement  is  often  apparent  only, 
due  to  failure  to  reduplicate  exactly  the  former  position  of  the  head. 

On  March  24  the  bullet  was  easily  extracted  from  the  right  lobe  of  the 
cerebellum.  The  upper  fibres  of  the  trapezius  had  to  be  divided  at  their 
origin  from  the  os  occipitale,  and  after  removing  a  disc  of  bone  with  a  hand 
trephine,  bone  was  clipped  away  freely.  The  lateral  sinus  was  exposed  in 
this  procedure,  and  the  dura  incised  horizontally  below  it.  The  bullet  was 
found  lying  in  a  shallow  abscess  cavity,  the  pus  from  which  jaroved  to  be 
sterile  on  culture.  The  jmtient  made  an  uneventful  recovery.  Six  weeks 
after  operation  the  only  symptom  remaining  was  the  dysdiadochokinesia. 

At  no  time  was  there  any  disturbance  of  vision,  yet  the  line  of  the  bullet, 
had  it  taken  a  direct  course,  must  have  passed  through  the  right  calcarine 
fissure.  My  confrere.  Professor  Poussep,  suggested  that  in  view  of  this  absence 
of  visual  upset,  it  is  probable  that  the  bullet  ran  backwards,  pierced  the  left 
tentorium  cerebelli,  and  then  crossed  into  the  right  cerebellar  lobe.  This, 
I  think,  is  very  probably  the  correct  interpretation.  A  slowly-travelling 
bullet  would  easily  be  deflected  by  so  rigid  a  structure  as  the  tentorium. 

As  to  the  wandering  of  the  bullet,  Flourens,  it  is  interesting  to  recall, 
found  that  bullets  experimentally  introduced  into  the  cerebrum  and  cere- 
bellum always  tended  to  sink  towards  the  base  of  the  skull.2  Krause,  in  his 
monograph,^  records  a  case  where  a  revolver  bullet  moved  a  considerable 
distance  (Kugelwandermig)  in  a  few  weeks  and  then  came  to  rest.  Vilvandre 
and  Morgan*  have  published  a  case  in  which  a  shrapnel  ball  apparently 
rolled  round  as  well  as  sank  backwards. 

In  general,  the  movement  of  bullets  in  the  substance  of  the  brain  must, 
I  think,  be  attributed  to  a  combination  of  any  or  all  of  the  following  factors  : — 
(1)  The  action  of  gravity,  the  specific  gravity  of  the  bullet  being  far 
higher  than  that  of  the  brain  ;  (2)  Local  softening  of  the  brain  around  the 
bullet,  or  abscess  formation  ;  (3)  The  pulsations  of  the  brain.  The  twisting 
or  version  of  the  bullet  is  probably  caused  by  the  following  : — (1 )  Unequal 
softening  round  the  bullet,  allowing,  for  example,  its  base  to  sink  before 
its  nose  ;  (2)  Uneven  distribution  of  weight  in  the  bullet  itself,  the  posterior 
half  being  heavier  than  the  anterior  ;  (3)  The  homogeneity  of  the  brain  tends 
to  a  general  and  even  sinking;  but  anything  which  interrupts  this  homo- 
geneity, such  as  a  leash  of  blood-vessels,  might  impede  one  part  of  a  bullet, 
and  so  cause  it  to  turn. 
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SOME    ASPECTS    OF    THE    TREATMENT    OF    INFECTED 

WAR    WOUNDS. 

{From  the  Millicent  Sutherland  Hospital.) 

By  Captain  O.  G.  MORGAN,  R.A.M.C.,  Captain  F.  D.  S.\NER,  R.A.M.C., 
AND    Temporary   Surgeon    E.    G.    SCHLESINGER,    R.N. 

Ix  any  discussion  of  the  treatment  of  wounds,  and  particularly  of  severe 
wounds,  it  has  constantly  to  be  borne  in  mind  that  few  surgeons  have  had  the 
opportunity  of  dealing  with  more  than  one  aspect  of  the  problem  involved, 
and  consequently  any  views  expressed  must  to  a  very  large  extent  be  limited 
to  that  particular  aspect.  The  passage  of  a  wounded  man  from  the  front  to 
a  base  falls  roughly  into  three  stages — namely,  the  front,  the  bases  in  France, 
and  the  bases  in  England,  and  the  treatnuMit  and  outlook  during  these  three 
stages  are  governed  by  such  widely  divergent  conditions,  that  any  argument 
from  one  to  the  other  proves  usually  to  be  quite  fallacious.  It  has  seemed 
to  us  that  in  very  many  of  the  writings  on  the  treatment  of  war  wounds  this 
fact  has  been,  perhaps,  partly  lost  sight  of,  and  we  wish  particularly  to  limit 
our  views  to  those  matters  of  which  we  have  some  experience,  namely,  treat- 
ment at  the  base  in  France. 

There  can  be  no  doubt  that  many  of  the  div  ergent  views  which  are  held, 
and  frequently  and  forcibly  expressed,  are  due  in  part  to  the  attempt  to  argue 
from  facts  observed  in  one  place,  to  a  purely  imaginary  set  of  conditions 
in  another,  and  much  that  is  still  imsatisfactory  in  our  treatment  of  the 
wounded  would  be  helped  by  a  greater  fluidity  and  a  freer  intellectual 
communication  between  surgeons  working  at  the  different  stages  of  the 
wounded  man's  journey.  While  evacuation  is  the  key  to  the  successful 
administrative  treatment  of  the  woiuided,  at  the  same  time  it  often  locks 
the  door  to  successful  surgery  and  surgical  advance,  and  ver^^  often  shares 
in  the  responsibility  for  bad  results,  to  a  far  greater  extent  than  is  usually 
admitted. 

Where  so  many  cases  have  had  to  be  dealt  with  by  surgeons  of  differing 
schools,  attention  has  naturally  tended  to  be  attracted  by  detail  where 
principles  were  really  in  question,  a  state  of  things  which  has  been  accentu- 
ated by  a  certain  bias  taken  on  by  discussions  between  the  protagonists  of 
the  chief  schools.  So  much  has  this  been  the  ease,  that  many  articles  which 
have  appeared,  and  which  at  first  sight  appear  to  be  entirely  opposed  to  each 
other,  prove,  when  dissected,  to  be  based  on  identical  lines  of  thought,  which, 
however,  run  so  tortuously  through  a  mass  of  detail  and  test-tubes  as  to  risk 
being  entirely  overlooked.  In  spite  of  this,  however,  certain  general  principles 
appear  to  us  to  be  gradually  emerging  and  assuming  a  definite  place  in  the 
consideration  of  a  new,  and  at  times  a  difficult,  branch  of  surgery.  It  is  to 
these,  as  they  apply  to  infected  wounds  of  the  bones,  joints,  and  muscles 
at  one  stage  of  their  course,  that  Ave  would  attempt  to  confine  our  remarks. 
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The  trials  of  a  wounded  man  dtiring  the  first  week  of  his  existence  as 
sueh  are  usually  very  great,  including  as  they  do  the  initial  shock  and  loss 
of  blood,  transport  from  the  lines  through  a  field  ambulance  to  the  casualty 
clearing  station  and  thence  to  the  base,  and  a  varying  amount  of  surgical 
interference  and  septic  infection.  The  first  few  days  after  his  arrival,  there- 
fore, are  largely  occupied  by  sleep,  and  in  removing  from  his  mind  and  body 
the  impleasant  impressions  of  life  in  the  front  line. 

The  majority  of  fractures  arrive  in  splints  useful  for  purposes  of  transport 
but  not  adequate  for  efficient  treatment  in  hospital.  As  soon  as  possible, 
therefore,  the  wounded  part  should  be  immobilized  on  a  suitable  splint,  and 
the  patient  consequently  freed  from  pain.  This,  unfortunately,  usually 
necessitates  an  antcsthetic,  in  many  cases  following  rather  closely  on  a 
previous  one  at  the  casualty  clearing  station. 

The  first  function  of  treatment  at  a  base  hospital  in  France  is  to  limit 
the  spread  of  infection  already  present.  For  this  purpose  two  measures  are 
necessary —namely,  adequate  rest  or  immobilization,  and  the  rapid  elimina- 
tion of  all  dead  tissues  from  the  wound.  The  former  is  secured  by  proper 
splinting,  and  the  latter  we  have  obtained  by  applying  a  neutral  hypochlorite 
solution  (Dakin  and  Daufresne)  by  Carrel's  technique.  As  regards  the  wound, 
it  is  our  practice  to  interfere  as  little  as  possible  during  the  first  few  days. 
Acute  conditions  are,  of  course,  dealt  with,  but  as  a  general  rule  Carrel  tubes 
are  placed  in  position  under  the  anaesthetic,  if  one  is  given,  and  intermittent 
irrigation  commenced.  The  less  surgery  to  which  a  patient  is  submitted  at 
this  stage  of  his  infection,  the  better  his  outlook,  since  Nature's  defences  are 
as  yet  only  in  process  of  construction.  Pain  must  be  relieved,  and  it  usually 
is  by  perfect  immobilization  ;  but  if  for  any  reason  it  persists,  it  must  be 
dealt  with  by  drugs. 

It  is  often  contended  that  the  wounded  with  whom  the  army  has  to  deal 
are  fit  men  ordinarily ;  but  it  must  be  remembered  that  they  have  undergone 
a  period  of  stress  unheard  of  in  a  civilian  patient,  and  consequently  their 
resisting  powers  are  very  greatly  lowered.  The  future  of  a  woimded  man 
varies  directly  with  the  amount  and  virulence  of  his  sepsis,  and  eases  which 
do  not  have  a  clean  wound  after  a  few  days  at  the  base  should  always  be 
looked  upon  as  serious.  The  great  majority  of  the  cases  of  compound  fracture 
are  infected,  some  slightly,  some  intensely,  but  all  to  a  considerably  greater 
degree  than  is  apparent  when  they  leave  the  clearing  stations,  a  fact  which 
is  a  good  examjile  of  the  necessary  consequences  of  evacuation  to  which  we 
have  previously  referred. 

We  propose  to  discuss  the  treatment  of  wounds  under  two  headings  : 
(1)  The  part  uomided;  (2)  The  ziound  itself ;  but  it  must  be  remembered  that 
the  two  lines  of  thought  are  completely  interdependent,  and  are  in  reality 
necessary  corollaries  the  one  to  the  other.  It  is,  however,  in  the  field  of  2)ure 
woimd  treatment  that  the  great  controversy  has  raged,  where  the  reactionaries, 
in  the  persons  of  the  antiseptic  school,  and  the  progressives,  or  the  physio- 
logical school,  have  met  in  a  conflict  of  opinions  and  experiments,  and  where 
the  tactics  of  detail  have  tended  somewhat  to  obscure  the  strategy  of 
principle. 
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It  "is,  perhaps,  a  natural  attitude  that,  since  the  sepsis  is  caused  by 
organisms,  then,  when  the  organisms  are  once  destroyed,  all  will  be  well, 
and  an  equally  natural  hope  to  look  to  the  various  antiseptics  for  such  a 
destructive  power.  The  'therapeutic  co-efficients '  and  'bactericidal  efficiency' 
of  the  laboratory  hold  out  such  a  dazzling  prospect,  that  when  the  wound 
fails  to  become  clean,  the  tendency  is  to  blame  some  detail  of  substance  or 
technique  where  principles  are  in  reality  at  fault. 

The  physiological  school,  on  the  other  hand,  seem  to  have  much  weightier 
arguments  on  their  side ;  and  since  their  laboratory  is  that  of  Nature  herself, 
and  their  experiments  but  adaptations  of  Nature's  own,  it  is  possible  to  feel 
a  certain  confidence  in  the  truth  of  their  principles,  even  if  their  detail  is  at 
times  open  to  question.  There  can  be  very  little  doubt  that  the  treatment 
of  septic  wounds  which  is  most  likely  to  promise  success  is  that  which  most 
closely  imitates  Nature's  own  treatment,  or  Avhich  exaggerates  it  to  meet 
the  aggravated  conditions  present. 

Just  what  Nature's  method  is,  however,  is  none  too  easy  a  matter  to 
determine,  although  many  competent  observers  have  been  engaged  in  inter- 
preting it.  Sir  Almroth  Wright  and  his  co-workers  have  carried  out  a  most 
brilliant  and  careful  research  into  this  subject,  and  though  the  methods  which 
they  have  based  upon  it  have  not  met  with  the  success  which  was  expected, 
yet  this  detracts  not  at  all  from  the  value  of  their  work.  Approximately  it 
may  be  said  that,  when  dealing  with  an  infected  wound,  the  natural  reaction 
of  the  body  is  to  limit  as  rapidly  as  possible  the  depredations  of  the  invading 
organisms  by  destroying  the  food  on  which  they  live,  and  at  the  same  time 
to  guard  against  their  further  invasion  by  setting  up  a  strong  zone  of  defence 
around  the  wound.  The  first  purpose  is  accomplished  by  the  liberation  in 
the  wound,  from  dead  pus  cells,  of  trypsin,  which,  by  splitting  up  the  protein 
of  the  dead  tissues,  deprives  the  organisms  of  their  pabulum,  and  forces  them 
to  attempt  their  destructive  activities  against  living,  fighting  cells.  The 
second  is  secured  by  the  speedy  construction  of  a  band  of  leucocytic  infiltra- 
tion, and,  as  a  guard  against  the  activity  of  the  body's  own  agents,  by  an 
increase  in  the  normal  antitr\'ptic  activity  of  the  serum. 

We  have  here,  then,  the  lines  on  which  successful  wound  treatment  can 
most  probably  be  obtained  ;  and  if  it  be  granted  that  the  natural  line  is  the 
most  likely  to  lead  to  success,  it  is  difficult  to  find  a  basis  on  which  the  anti- 
septic school  rest  their  claims,  other  than  the  doubtful  one  of  antiquity,  or 
the  purely  theoretical  laboratory  qualities  with  which  antiseptics  in  their 
modern  reincarnation  have  been  endowed. 

That  the  rapid  removal  of  all  dead  tissue  is  the  best  method  of  dealing 
with  infection  is  well  shown  by  the  success  which  has  attended  the  early 
excision  of  wounds,  where,  by  their  nature,  complete  excision  has  been  possible. 
This  method  is,  however,  only  of  use  in  a  very  early  stage,  since,  when 
infection  is  actually  in  progress,  complete  removal  of  all  dead  tissue  and 
potential  dead  tissue  is  not  possible. 

In  the  neutral  hypochlorite  solution  of  Dakin  and  Daufresne,  we  have, 
however,  a  substance  of  very  great  proteol\i:ic  value,  and  at  the  same  time 
one  which  is  itself  destroyed  in  the  process,  a  fact  which  prevents  its  inter- 
fering in  any  way  with  the  normal  action  of  the  tissue  cells.     Its  action  on 
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protein  in  solution  is  almost  instantaneous,  while  on  coagulated  protein 
its  action  is  many  times  more  rapid  than  trypsin.  It  has  of  course  a  purely 
chemical  bulk  action,  and  naturally,  in  a  wound  where  dead  tissue  is  plentiful, 
must  be  many  times  renewed  before  its  action  can  be  completed.  This  object 
is  achieved  by  the  intermittent  irrigation  method  of  Carrel,  by  which  the 
fluid  is  brought  into  contact  with  all  parts  of  the  wound  at  frequent  intervals. 
It  is  perhaps  luifortunate  in  a  sense  that  in  a  test-tube  this  lluid  is  possessed 
of  a  high  'bactericidal'  power.  By  thus  attaining  rank  as  an  antiseptic,  it 
has  shared  any  criticisms  of  these  substances,  and  has  had  its  claims  based 
on  a  fortuitous  property  which  would  appear  to  us,  after  considerable  experi- 
ence of  its  use,  to  play  a  quite  secondary  and  relatively  luiimportant  part  in 
its  action.  The  mere  fact  that  within  a  few  seconds  after  its  introduction 
into  a  wound,  the  hypochlorite,  as  such,  ceases  to  exist,  should  be  sufficient 
to  absolve  it  from  the  dubious  merit  of  antiseptic  action  in  a  wound  ;  while 
the  fact,  which  will  be  discussed  while  dealing  with  the  bacteriological  control, 
that  a  smear  taken  from  any  isolated  portion  of  dead  tissue  will  still  give  a 
high  bacterial  count  when  the  rest  of  the  wound  gives  a  low  one.  is  further 
proof  of  its  innocence  in  this  respect. 

This  all-important  proteolytic  action  of  hypochlorite  solution,  which  is 
responsible  for  its  undoubted  efficiency  in  the  treatment  of  infected  wounds. 
appears  to  have  been  very  little  insisted  on,  and  it  is  at  least  interesting  to 
note  that  Browniing  and  his  co-workers  refer  to  it  as  "  the  disadvantage 
possessed  by  the  solution  of  destroying  dead  tissues  !  "  Just  exactly  the  nature 
of  the  chemical  change  which  occurs  in  the  hypochlorite  on  contact  with 
protein  is  obscure,  but  the  proteolytic  action  undoubtedly  goes  on  to  the 
rapid  formation  of  amino-acids.  It  would  apj^ear  probable  that  along  this 
line — namely,  rapid  destruction  of  dead  tissues — lies  the  way  to  further  advance 
in  the  treatment  of  wound  infections  ;  and  whether  future  research  shows 
ferment  action  or  chemical  hydrolysis  to  be  the  more  efficient,  there  can  be 
no  doubt  that  the  recognition  of  the  essential  nature  of  this  process  is  of  the 
greatest  importance  if  progress  is  to  be  made  in  dealing  with  the  problems 
involved. 

Nature's  second  method  of  dealing  with  an  infected  wound — namely, 
the  establishment  of  a  zone  of  leucocytic  defence  round  the  wound — is  best 
aided  by  the  maintenance  of  absolute  rest  in  the  part  wounded,  and  further, 
by  a  minimum  amount  of  interference  with  the  wound  on  the  part  of  the 
surgeon.  Very  valuable  work  has  been  done  by  Major  Sinclair  and  others 
in  insisting  on  the  need  for  effective  immobilization  in  the  treatment  of 
infected  wounds,  and  too  much  stress  cannot  be  laid  on  the  importance  of 
this  side  of  the  matter. 

Treatment  of  the  Part  Wounded. — In  wounds  of  the  extremities, 
whether  complicated  by  fracture  or  not,  it  has  been  our  aim  to  secure  immobili- 
zation of  the  limb  involved,  and  at  the  same  time  to  preserve  to  the  patient 
as  complete  a  mobility  of  the  rest  of  the  body  as  possible.  This  has  been 
secured  by  carefully  splinting  the  limb,  and  then  susjiending  the  whole  splint 
from  overhead  pulleys  with  accurately  balanced  counter-weights.  Any  move- 
ment of  the  patient  in  bed  is  then  followed  by  the  splint,  without  any  disturb- 
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ance  of  the  injured  part,  as  is  shown  by  the  absence  of  pain.  As  Hilton 
j>oints  out.  "  every  deviation  from  this  necessary  state  of  rest  brings  with  it, 
through  pain,  the  admonition  that  the  patient  is  straying  from  the  condition 
essential  to  his  restoration  ;  ''  and  with  the  exception  of  the  presence  of  pus 
under  tension,  pain  in  wounds  is  in  our  exijcrience  almost  ^always  due  to 
faulty  immobilization. 

To  secure  extension,  except  in  certain  particular  cases  to  be  referred  to 
later,  we  have  used  almost  entirely  Sinclair's  glue,  which,  if  carefidly  applied, 
is  most  eflficient,  and  will  stand  very  severe  strains  if  the  area  of  traction  is 
distributed  over  as  wide  a  surface  of  skin  as  possible. 


Fig.  349. — Compound  fracture  of  the  femur,  showing  glue  exten-^ion  and  saspension. 

In  any  splinting  of  the  lower  limb,  one  of  the  essential  facts  to  be  recog- 
nized is  that  the  position  of  rest  and  equilibrium  in  the  recumbent  position 
is  one  of  very  considerable  external  rotation,  as  ;Was  pointed  out  many 
years  ago  by  Sir  .\rbuthnot  Lane.  This  fact  at  once  renders  unsatis- 
factory all  those  splints  whose  basis  is  a  right-angled  vertical  foot-piece;  a 
further  objection  to  this  form  of  splint  being  that  it  prohibits  the  normal 
inverted  position  of  the  foot  if  the  splint  is  to  be  firmly  applied,  a  point  of 
considerable  importance  from  the  point  of  xaew  of  after-results.  In  dealing 
with  fractures  and  wounds  of  the  lower  limb,  we  have  used  almost  entirely 
the  Thomas  splint,  either  straight  or  bent,  and  suspended  in  extension  on 
the  Hodgen  principle;  the  end  of  the  bed  being  raised  to  secure  counter- 
extension. 
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For  fractures  of  the  Femur,  excepting  those  very  high  up,  and  for  extensive 
thigh  wounds,  we  have  used  a  bent  Thomas  splint,  with  a  metal  archway 
fixed  to  the  splint  in  the  required  position  by  Mead's  strapping,  and  from  which 
the  foot  is  suspended  by  gauze  glued  to  the  sole  of  the  foot.  Extension  is 
obtained  by  gauze  glued  to  the  leg  and  fixed  to  the  end  of  the  splint,  while  the 
whole  splint  is  extended  cither  by  a  running  weight  attached  to  its  sides  or 
byj[a  forward  position  of  the  suspension  pulleys  {Fig.  349 ).  In  the  majority 
of  cases  good  position  of  the  fragments  can  be  fairly  readily  obtained,  since 
the  injury  has  usually  damaged  the  longitudinal  fascial  compartments  of  the 
limb,  and  there  is  not  the  same  incompressible  resistance  of  effused  blood, 
etc,  which  often  renders  the  non-operative  reduction  of  simple  fractures  so 
impossible  (Arbuthnot  Lane), 


Fio.  350. — Coinpoiind  fracture  of  the  tibia,  sliowing  Sinclair's  foot -piece  in   posit  ion. 

In  the  matter  of  compound  fractures  of  the  IHbia,  the  ease  with  which 
perfect  position  can  be  secured  varies  very  greatly  with  the  type  of  the 
fracture.  The  long  oblique  fracture  is  always  difficult,  whereas  the  transverse 
or  even  the  intensely  comminuted  fracture  is  on  the  whole  readily  dealt  with. 
For  the  latter  we  have  used  a  Thomas  splint,  with  Sinclair's  wooden  foot-piece 
{Fig.  350),  which  consists  of  a  flat  piece  of  wood  with  serrated  edges,  so 
arranged  as  to  be  capable  of  adjustment  with  regard  to  the  long  axis  of  the 
leg^in  every  direction.  The  foot  is  fixed  to  this  foot-piece  by  tapes  attached 
to  metal  triangles  threaded  on  gauze  strips  glued  round  the  sole.  The  foot, 
attached  to  the  foot-piece,  is  manipulated  imtil  the  position  of  the  fragments 
is  as  perfect  as  possible,  and  is  then  fixed  in  that  position  by  tightening  the 
fly-nut  and  attaching  the  cross-bar  to  the  end  of  the  splint  by  tapes.  By 
these  means  the  lower  fragment  is  efficiently  fixed,  and  the  position  of  the 
upper  fragment  should  be  maintained  by  strips  of  gauze  glued  to  the  sides 
of  the  leg  and  attached   to  the    side   bars   of  the   splint,   thus   securing  an 
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absolute  immobility  of  the  fragments  relative  to  each  other,  while  the  whole 

leg    in  the  splint   ean    be  freely 

moved. 

For  the  fixation  of  corrected 
tibial  fractures  the  foot-piece  just 
described  is  almost  ideal  ;  but 
although  a  fair  extension  can  be 
obtained  with  it,  in  our  experi- 
ence the  very  considerable  pull 
needed  to  maintain  the  position 
of  the  oblique  type  of  fracture 
is  apt  to  lead  to  slipping  of  the 
gauze  or  blistering  at  the  points 
of  attachment  of  the  triangles. 
For  these  cases  we  have  used 
an  oblong  piece  of  perforated 
metal,  glued  to  the  sole  between 
layers  of  flannel,  and  held  in 
place  by  cross-bands  of  gauze 
running  round  to  the  dorsum  of 
the  foot.  A  wire  attached  to 
the  middle  of  this  piece  of  metal 
is  fixed  to  the  end  of  the  Thomas 
splint.  This  foot-piece  will  read- 
ilv  sustain  a  weight  of  from  seven  ^      „e.     ^  . ,     .     ^  «  ^ 

5^  Fig.  351. — Compound  fracture  ofjthe  metatarsals, 

to    ten    pounds  for  several   weeks.  extended  through  the  toes. 


iiG.  352. — Compound  fracture  of  the  humerus, 
in  suspension  extension  without  splints. 


At  the  same  time  the  foot  is  sus- 
pended from  an  archway  by  gauze 
glued   to  the  metal   sole-piece. 

Fractures  of  the  Tarsus  and 
Metatarsus  have  been  dealt  with  by 
suspension  from  an  archway  by  the 
toes  [Fig.  351),  and,  if  in  a  Thomas 
splint,  the  leg  has  been  kept  in 
position  relative  to  the  point  of  sus- 
pension by  gauze  running  from  the 
leg  to  the  bottom  of  the  splint. 

Fractures  of  the  Humerus  we 
have  treated,  as  a  general  rule,  with 
the  elbow  flexed  to  a  right  angle,  and 
by  methods  varying  with  the  position 
of  the  fracture  and  the  wounds. 

In  fractures  of  and  near  the 
head  of  the  humerus,  we  have  found 
as  a  rule  that  a  good  position  is  best 
maintained     without     a     splint,      by 
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merely  placing  the  forearm    in    a  slini?,    the  elbow   being  fixed  to  tlu    hody 
by  bandages  and  strapping. 

Fraetures  of  the  shaft  of  the  hnmenis.  in  its  middle  two-thirds,  have 
been  treated  in  one  of  two  ways,  depending  on  the  situation  of  the  woiuids. 
In  cases  where  these  are  in  front  or  lateral,  or  in  a  throngh-and-through  wound, 
we  have  used  a  form  of  suspension  extension  without  a  splint  {Fig.  352). 
Glue  is  applied  to  the  front  and  back  of  the  forearm,  and  gauze  strips  are 
fixed  to  it,  while,  similarly,  gauze  strips  are  glued  to  as  great  a  surface  of  skin 
over  the  lower  fragment  of  the  humerus  as  possible.  A  mackintosh  sling  is 
applied  over  the  dressings  round  the  fracture,  and  suspended  by  a  cord,  which, 
running  over  two  pulleys,  has  its  other  end  attached  to  the  gauze  glued  to 
the   forearm.     The   necessary   weight   to   secure  an  accurate  counter- balance 

is  attached  to  the  cord 
between  the  pulleys.  The 
gauze  from  the  lower  end 
of  the  arm  is  fixed  to  a 
cord  running  over  a  pulley 
at  the  end  of  the  bed.  to 
which  the  required  extension 
weight  is  attached.  By  this 
method  free  movement  of 
the  arm  as  a  whole  is  per- 
mitted without  any  disturb- 
ance of  the  fracture,  and  at 
the  same  time  movements 
of  pronation  and  supination, 
and  of  the  fingers,  can  be 
freely  carried  out  by  the 
patient  from  the  first. 

This  method  is  unsuit- 
able for  ]iatients  with  ex- 
tensi\  (•  woiiiuls  of  the  back 
of  the  arm,  or  where  the 
extent  of  the  skin  involved 
proves  too  great  for  it^ 
application.  In  these  cases  \ye  have  used  an  arm  Thomas  splint,  bent  at 
a  right  angle,  and  with  the  angles  of  attachment  of  the  ring  altered  to  fit 
over  the  point  of  the  shoulder.  When  this  splint  is  suspended  at  the  level  of 
the  shoulder,  the  posterior  woimd  becomes  external,  and  is  therefore  readily 
accessible  for  purposes  of  dressing  (see  Fig.  353,  where  two  of  these 
splints  are  applied  to  double  compoimd  fractures).  Extension  is  obtained  by 
using  the  forearm  as  a  lever.  Gauze  glued  to  the  forearm  above  the  wrist 
is  fixed  to  the  internal  bar  and  forms  the  fulcrum,  while  gauze  glued  to  the 
ijppcr  third  of  the  forearm  and  pulled  to  the  external  bar  forms  the  weight, 
thus  exerting  traction  in  the  length  of  the  arm.  In  suspending  this  splint, 
the  centre  point  of  suspension  should  be  external  and  in  front  of  its  centre, 
thus  preventing  any  unpleasant  pressure  of  the  ring  round  the  shoulder. 

Fractures  of  the  Forearm  have   been  treated  either  on  this  right-angled 


Fig.   353. — Double  compound  fracture  of  the  humcru!--, 
in  bent  Thoma.s  splints. 
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Thomas  splint,  with  the  upper  fragment  fixed  to  the  spHnt  and  a  weight  acting 
on  the  lower,  or  by  a  form  of  suspension  extension  tray  (Fig.  354).     This 


Fig.  354. — Compound  fracture  of  the  radius  and  ulna,  on  siwjjonsion  extension  fray. 

consists  of  a  metal  tray  from  which  a  drainage  pipe  rims,  and  which  has  a 
wooden  upright,   against    which  the  upper  arm  rests,   to  serve  as  coimter- 


FiG.  355. — Compound  fracture  of  the  carpu.s,  on  su.spension  tray    showing  finger  extension. 


extension.     The  wooden  attachment  runs  forward  under  the  tray,  and  has 
at  its  end  a  pulley  over  which  runs  a  cord,  taking  extension  either  from  the 
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lower  forearm  or  the  fingers,  according  to  the  nature  of  the  wound.  In  certain 
fractures  of  both  bones  a  wooden  side-piece  with  straps  has  been  added,  so 
that  the  forearm  can  be  treated  in  three-quarter  supination.  The  whole 
apparatus  is  counterbalanced  in  extension,  and  the  drainage  tube  is  connected 
to  a  bottle  at  the  side  of  the  bed,  thus  avoiding  any  wetting  from  the  solution 
introduced. 

In  wounds  of  the  Carpus  and  lower  third  of  the  forearm  this  splint 
has  also  been  used,  usually  with  a  wedge  attachment  at  the  end  to  secure 
dorsiflexion  of  the  wrist  (Figs.  355,  361).  In  these  cases  extension  has  been 
obtained  by  attaching  glued  glove-fingers  or  strapping  to  the  sides  of  the 
fingers,  and  running  them  by  a  kind  of  wood  gearing  to  one  central  pull.     This 


Fio.    350. — Compound   fracture   ot    llie   iscapula,   siiowiti^   arm   slings. 

secures  an    even   distribution   of  strain,   and  maintains   the  fingers   in    good 
position  (see  Figs.  355,  361). 

*  In  cases  of  fractured  Scapula  we  have  found  oedema  of  the  arm  a  trouble- 
some consequence  of  treatment  with  the  arm  at  the  side,  and  have  been  in 
the  habit  of  suspending  the  arm  at  shoulder-level  in  counterbalanced  slings 
{Fig.  356). 

In  suspending  these  various  splints,  we  employed  at  first  a  form  of  light 
scaffolding  fitted  over  each  bed  {Fig.  S57),  as  in  use  at  the  American  Ambu- 
lance at  Neuilly  ;  but  later  we  have  had  fitted  inside  the  hut  a  permanent 
superstructure  to  which  cross-bars  can  be  attached  in  any  position,  designed 
for  us  by  Mr.  Douglass  of  this  hospital  {Fig.  358).     The  advantages  of  the 
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Fig.  367. — Ward  showing  scaffolding  over  each  bed. 


Ftg.  ."ioS. — ^^Va^d  with  permanent  superstructure  to  whinh  cross-bars  can  be  attached  as  desired. 
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suspension  splint  from  the  point  of  view  of  the  patient  arc  obvious,  since  his 
range  of  movement  in  bed  is  almost  imlimited  ;  while,  from  the  nursing  point 
of  view,  these  otherwise  helpless  cases  can  be  readily  moved  and  lifted  without 
any  fear  of  injury  or  pain  to  the  woiuidcd  part.  That  they  require  a  certain 
amount  of  care  and  time  in  fixing  is  no  doubt  true  ;  but  the  greater  comfort, 
rest,  and  accessibility  obtained  adequately  compensate  for  this. 

Joint  Injuries. — In  the  mechanical  treatment  of  these  injuries,  the 
main  object  has  been  to  arrange  the  limb  in  such  a  position  as  to  obtain  as 
speedy  as  possible  a  penetration  of  the  irrigating  fluid  into  all  parts  of  the 
joint  involved.  Extension  is  here  the  prime  need,  and  where  extension  is 
really  efficient,  immobilization  of  the  injured  parts,  i.e.,  the  joint  surfaces 
relative  to  each  other,  will  follow  automatically. 

In  infected  wounds  of  the  Knee-joint,  where  a  natural  arthrotomy  was 
in  existence  or  where  a  surgical  arthrotomy  was  performed,  we  have  used  the 
metal  extension  stirrup  of  Finochietto,  which  passes  over  the  superior  surface 
of  the  OS  calcis  close  in  front  of  the  tendo  Achillis,  and  to  which  very  heavy 


Fig.    359. — Compound   fraeture_of  the   femur  with   biittofk   woiuitl,   showing   Finochietto': 

extension  stirrup  appHed. 


weights  can  be  attached  without  either  pain  to  the  patient  or  injury  to  tiie 
tissues  {Fig.  359),  The  region  of  entrance  and  exit  of  the  stirrup  is  covered' 
with  copious  sterile  gauze  bandages,  which  also  serve  to  maintain  the  relative 
position  of  the  stirrup,  and  to  prevent  any  tendency  to  calcaneus.  We  have 
also  used  the  stirrup  in  the  treatment  of  certain  compound  fracture's  of  the 
femur  high  up,  with  very  good  results.  Dr.  Chutro  and  others  have  used  it 
almost  exclusively  in  the  treatment  of  all  fractures  of  the  thigh  and  leg  ;  but 
in  our  opinion  the  more  perfect  immobilization  of  the  Thomas  splint  out- 
weighs the  better  extension  obtained  by  the  stirrup  in  these  cases. 

In  this  matter  of  securing  extension  in  cases  of  infected  knee-joint  wounds, 
it  has  been  argued  that  a  pull  of  many  pounds  can  be  obtained  by  gauze 
glued  to  the  sides  of  the  leg.  Our  objection  to  this  method  is  that  only  a 
part  of  such  pull  is  actually  felt  at  the  joint,  since,  owing  to  the  surface  of 
application  being  the  skin,  much  of  it^is  dissipated  by  transmission  to  the 
skin  or  fascia  of  the  thigh,  i.e.,  above  the  joint  to  be  extended. 
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Elh&tc-joints  have  been  treated  on  the  suspension  extension  tray,  by 
which  means  very  good  access  to  both  the  radio-humeral  and  humero-ulnar 
joints  is  obtained  {Fig.  360).  By  this  method  the  joint  is  flexed  to  about  a 
right  angle,  and  it  has  been  found  that  this  gives  better  access  to  the  joint 
cavity  when  the  irrigation  or  flushing  treatment  is  being  used,  than  when  the 
elbow  is  extended. 

Wrist-joint  wounds,  of  which  we  have  had  several,  have  been'  treated  in 
the  same  way,  extension  being  obtained  from  the  fingers  {Fig.  361),  a  wedge 
attachment  being  fixed  to  the  tray  if  dorsiflexion  is  desired.  These  cases 
have    been  particularly  favourable,   in    spite   of   the   fact   of   their  frequent 


Fig.  360. — Wound  of  the  elbow-joint,  showing  the  adaptation 
thereto  of  the  su-spension  extension  tray. 

complication  by  carpal  and  metacarpal  fractures.  Both  here  and  in  the  ankle 
there  is  a  tendency  to  spread  of  infection  along  the  tendons,  and  this  must 
be  carefully  watched  for  ;  it  would  appear  to  be  due  to  the  fact  that  dead 
tendon  tissue  is  not  readily  hydrolysed,  and  therefore  ser\'es  as  a  nidus  for 
further  infection. 

Ankle-joints  have  proved  difficult,  since  they  are  so  frequently  compli- 
cated by  compound  fractures  of  the  tarsus  :  but  in  those  cases  where  the  skin 
of  the  sole  is  uninjured,  a  very  good  separation  can  be  obtained  by  using  the 
metal  sole-piece  described  above  in  dealing  with  oblique  fractures  of  the  tibia. 
A  point  of  great  importance  in  these  cases  is  to  obtain  a  very  considerable 
degree  of  inversion  of  the  foot,  both  from  tjie  point  of  view  of  after-results 
and  of  immediate  treatment. 

We  have  not  had  sufficient  experience  of  wounds  of  the  hip  and  shoulder- 
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joints  to  enable  us  to  arrive  at  any  definite  conclusions  as  to  their  most 
eflicient  fixation. 

Treatment  of  the  Wound  Itself. — Our  object  here,  as  pointed  out 
above,  has  been  to  destroy  as  rapidly  as  possible  all  dead  tissues  in  the  wound. 
This  we  have  achieved  by  intermittent  irrigation  through  Carrel's  tubes  with 
the  hypochlorite  solution  of  Dakin  and  Daufresne.  The  general  technique 
of  this  treatment  is  now  widely  known  ;  but  as  the  detail  of  its  application 
is  important,  there  are  some  points  on  which  we  would  lay  emphasis. 

The  first  of  these  is  that  the  desired  object  of  reaching  every  part  of 
the  wound  with  the  fluid  can  only  be  obtained  by  a  careful  and  proper  adjust- 
ment of  the  tubes.     As  a  general  rule,  for  the  depths  of  a  wound,  tubes  with  a 


Fir.. 


3(il. — Wound    of    the    wrist -joint,    showing    jiearin<: 
extension  from  the  fingers. 


few  holes  arc  vised,  since  the  pressure  of  flow  required  is  great ;  while  for  the 
surface,  where  a  low  pressure  is  called  for,  tubes  with  many  holes  are  employed. 
Deep  and  surface  tubes  should  be  connected  to  different  supply  reservoirs, 
otherwise  the  greater  proportion  of  the  fluid  is  necessarily  distributed  to  the 
surface. 

A  second  point  of  importance  is  that  the  fewest  possible  number  of  tubes 
which  will  distribute  the  fluid  efficiently  should  be  used.  Drainage,  which  is 
of  equal  importance  with  the  irrigation,  is  then  not  impeded.  It  is  unfor- 
tunately common  to  see  a  number  of  tubes  pushed  closely  together  into  an 
opening,  thereby  acting  as  an  efficient  cork,  but  as  little  else.  Often,  again,  a 
tube  is  seen  firmly  wedged,  or  even  sewn,  into  a  narrow  sinus,  where  the 
forcing  through  of  fluid  must  tend  to  open  up  new  fascial  planes  to  infection. 

Once  the  tubes  have  been  properly  placed,  they  need  not  be  touched  until 
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they  become  misplaced  or  blocked,  a  matter  of  time  varj'ing  up  to  scacii  or 
even  ten  days. 

In  dealing  with  cases  of  compound  fracture,  it  is  advisable,  where  possible, 
to  verify  by  a  radiogram  the  fact  that  the  tubes  reach  to  the  spaces  between 
the  fragments. 

It  has  been  the  practice  here  to  carry  out  irrigation  with  the  solution 
two- hourly.  The  question  of  continuous  versus  intermittent  irrigation  has 
been  much  discussed,  and  though  at  first  sight  the  continuous  would  appear 
the  preferable  method,  there  are  many  objections  to  its  use.  In  the  first 
place,  from  a  practical  point  of  view  it  is  almost  impossible  to  ensure  the  fluid 
reaching  all  and  every  part  of  the  wound  by  any  form  of  continuous  drip,  an 
object  which  on  the  other  hand  is  obtained  readily  by  the  sudden  flush  of  the 
intermittent  method  ;  this  has  the  additional  advantage  of  sweeping  before 
it  the  contents  of  the  woimd  cavity,  and  thus  corresponding  to  a  two-hourly 
dressing.  Again,  since  the  hyix)chlorite  is  destroyed  within  a  few  seconds 
after  contact  with  protein  in  solution,  the  natural  trj'ptic  and  phagocytic 
reactions  of  the  woiuid  are  undisturbed,  and  Nature  is  enabled  to  lend  her 
valuable  help  in  cleaning  the  woimd  in  the  interval  between  the  flushings. 
In  the  early  stages  of  an  infected  wound  where  dead  tissue  is  plentiful,  hourly 
irrigation  is  preferable. 

There  is  no  danger  of  burning  or  irritation  of  the  surrounding  tissues  so 
long  as  there  is  pus  in  the  wound.  When,  however,  sterility  approaches,  and 
dead  tissues  disappear  from  the  wound,  the  surroimding  skin  must  be  care- 
fully vaselined  to  protect  it  from  the  action  of  the  hypochlorite. 

To  minimize  as  far  as  possible  the  disturbance  of  dressings,  we  have 
avoided  the  use  of  wool  and  bandages,  and  have  used  instead  large  pads  made 
of  layers  of  wool  between  gauze,  and  specially  shaped  and  sewn  to  fit  the 
different  anatomical  regions.  These  soak  up  the  discharge  and  overflow  of 
fluid  to  a  certain  extent  ;  the  remainder  runs  into  large  metal  trays  placed 
under  the  limb  or  body,  and  drains  into  a  bottle  beside  the  bed.  These  large 
dressings  must  be  changed  at  first  perhaps  every  other  day  ;  but  as  the  wound 
cleans,  it  is  possible  to  leave  them  up  to  a  week  or  more,  a  matter  of  great 
importance  when  the  disturbance  of  holding  and  bandaging  a  fractured  limb 
is  remembered.  As  a  routine,  the  woimds  are  dressed  every  other  day  ;  but 
this  dressing  is  merely  a  matter  of  changing  the  gauze  and  seeing  that  the 
tubes  are  pervious  and  in  ix)sition.  In  painful  cases,  such  as  guillotine 
amputations,  the  dressings  may  be  left  untouched  in  perfect  safety  for  a 
week  or  ten  days,  a  great  comfort  to  the  patient. 

SURGICAL     TREATMENT. 

In  addition  to  the  lines  of  treatment  sketched  above,  ordinary  surgical 
principles  as  they  apply  to  infected  wounds  must  be  observed  ;  but  it  has 
appeared  that  certain  modifications  of  some  of  the  usual  procedures  are 
desirable. 

The  provision  of  efficient  drainage  is  of  coiu^e  as  essential  under  these 
conditions  as  under  any  others,  and  a  complete  opening  up  of  the  original 
wound,  and  well-placed   coiuiter-incisions,  are   all   important,  particularly  in 
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the  case  of  compound  fractures.  All  pockets  and  portions  of  the  wovmd  must 
be  made  freely  accessible  to  the  irrijjating  fluid,  since  an  area  of  dead  tissue 
in  some  recess  where  it  is  not  reached  and  therefore  not  dissolved  by  the 
hypochlorite  will,  at  the  least,  continuously  reinfect  the  wovuul.  As  far  as 
possible  use  is  made  of  anterior  incisions,  to  facilitate  both  dressing  and  splint- 
ing, but  in  almost  all  comiaoiuid  fractures — of  the  femur,  at  any  rate — a  free 
approach  from  two  directions  is  necessary. 

In  the  carl}^  stages  of  acute  sepsis  we  would  advocate  the  least  possible 
manii^ulation  of  limbs  in  search  of  hidden  or  pocketed  pus,  as  in  the  majority 
of  cases,  if  the  immobilization  is  good,  a  barrier  will  be  formed  against  any 
general  spread  of  infection,  and  pns,  if  it  is  formed,  will  be  local  in  site  and 
readily  dealt  with  when  the  moment  arrives.  The  early  exploration  of  such 
doubtful  woimds  Avith  instrunients  or  fingers  wovUd  seem  to  serve  no  useful 
purpose  ;  and  always  provided  that  incisions  and  counter-incisions  arc  well 
placed  and  free,  and  splinting  soinid,  it  would  seem  both  safe  and  desirable 
to  wait  for  the  pus,  if  present,  to  announce  its  formation  as  a  fluctuating  abscess, 
or  by  a  leak  into  the  general  cavity  of  the  wound.  Any  spreading  cellulitis 
or  an  acute  abscess  must  of  course  be  dealt  with,  preferably  in  bed,  mider 
gas,  to  ensure  a  minimum  of  movement  to  the  affected  part. 

As  a  general  rule  cases  have  been  kept  at  this  hospital  until  they  have 
advanced  to  a  stage  where  any  serious  complication  is  vuilikely,  but  in  very 
few  instances  luitil  they  have  run  their  full  course.  Since  the  efficiency  or 
otherwise  of  any  early  surgical  treatment  can  only  ultimately  be  jvidged  by 
end-results,  any  expressions  of  opinion  as  to  such  treatment  must  be  tentative, 
and  subject  to  correction  where  results  prove  bad. 

Fractures. — Immobilization  has  already  been  discussed ;  in  addition, 
as  perfect  as  possible  a  position  of  fragments  must  be  obtained,  and  obtained 
early.  There  can  be  no  doubt  that  the  better  the  alinement  of  the  limb — 
by  which  is  meant  the  position  not  only  of  the  bone  fragments,  but  of 
muscles,  nerves,  vessels,  and  lymphatics  as  well^ — ^the  more  rapid  will  be  the 
diminution  of  pain  and  sepsis.  Major  Sinclair  has  most  ably  demonstrated 
the  importance  of  this  principle,  and  we  wish  to  acknowledge  our  indebted- 
ness to  him  for  many  ideas  and  suggestions. 

In  dealing  with  a  large  number  of  compound  gunshot  fractures,  the 
problem  of  what  to  do  with  loose  or  partially  loose  fragments  of  bone  assumes 
an  even  larger  aspect  than  in  civil  practice,  and  considerable  divergence  of 
opinion  exists  as  to  the  best  line  to  be  adopted.  There  is  no  doubt  that  by 
removing  all  loose  pieces,  a  more  rapid  sterilization,  and  possibly  a  quicker 
closure  of  the  wound,  can  be  obtained.  Those  who  fav^our  this  plan  have  as 
their  object  the  conversion  of  a  compound  into  a  simple  fracture  as  soon  as 
possible  with  a  minimum  of  sepsis,  and  hold  that  any  loss  of  substance  needing 
repair  can  be  dealt  with  later.  A  certain  confidence  which  the  above  described 
line  of  treatment  has  given  us  in  its  ability  to  control  the  spread  of  infection 
in  compound  fractures,  has  induced  us  to  lean  towards  the  opposite  extreme. 
Completely  detached  fragments  are  of  course  removed,  but  any  piece  bearing 
any  attachment  to  the  tissues  has  been  left,  and  it  has  often  been  found  that 
such  pieces  become  firmly  attached  later,  and  play  a  most  important  part  in 
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the  dejjosit  of  callus  along  the  line  of  the  bone.  Occasionally  removal  of  a 
piece  of  bone  may  be  necessary  to  obtain  more  efficient  drainage,  but  this 
should  be  avoided  whenever  it  possibly  can.  There  can  be  no  doubt  that  by 
this  attitude  the  probabilities  of  obtaining  a  better  bone  anatomically  are 
greater.  In  the  lower  limb,  where  function  and  structure  go  hand  in  hand, 
this  is  perhaps  more  important  than  in  the  upper  limb,  where  a  rapid  control 
of  sepsis  and  a  speedy  resumption  of  movement  are  all-important. 

The  question  of  completely  closing  a  wound  in  cases  of  compound 
fracture  is  very  open  to  debate.  Though  there  can  be  no  doubt  that 
where  it  is  successful  it  prevents  to  a  very  great  extent  troublesome  adhe- 
sions between  bones,  muscles,  and  skin ;  yet,  excepting  in  certain  very 
simple  cases,  the  bacteriological  control  of  the  bony  interspaces  must  always 
be,  at  the  best,  uncertain,  and  the  procedure,  therefore,  always  risky.  The 
gain  of  closure  in  such  cases  has  not  seemed  sufficient,  except  in  a  few 
instances,  to  coimter-balance  the  risk  ;  and,  in  addition,  the  moment  for 
evacuation  has  usually  arrived  when  the  question  of  suture  comes  imder 
serious  consideration. 

Wounds  of  Joints. — Much  attention  has  been  paid  during  the  war  to  the 

treatment  of  infected  joint  woimds,  and  although  certain  methods  have  been 
advocated  for  a  time  and  have  then  been  dropjied,  yet  on  the  whole  very 
considerable  advance  has  been  made,  and  many  limbs  can  now  be  saved  which 
Avould  have  been  lost  in  the  past.  Very  many  wounds  of  joints,  more 
particularly  perhaps  those  of  the  knee-joint,  that  have  been  washed  out  and 
closed  as  a  primary  measure  at  the  casualty  clearing  station,  have  reached 
this  hospital ;  and  while  in  some  cases  suppurative  arthritis  has  intervened, 
up  to  two  weeks  or  more  after  closure,  the  results  have  been  remarkably  good 
on  the  whole.  In  contrast  to  what  is  the  case  in  compound  fractures,  every- 
thing is  to  be  gained  by  such  an  early  closure  of  joint  wounds,  while  if  they 
are  carefully  watched,  the  danger  to  the  patient  is  not  greatly  increased  by 
this  procedure.  In  successful  cases  an  almost  perfect  joint  rapidly  results  ; 
Avhile  in  cases  that  fail,  the  failure  is  not  greatly  aggravated  by  the  attempt 
at  perfection.  Where  suppurative  arthritis  does  occur,  the  problems  to  be 
faced  are  mainly  concerned  with  the  mode  of  access  to  the  joint  and  the 
method  of  extension,  the  latter  of  which  has  been  discussed  above.  The 
question  of  access  must  be  considered  in  connection  with  the  particular  treat- 
ment of  the  joint  cavity  used  ;  it  differs  somewhat  where  irrigation  by  the 
proteolytic  hypochlorite  solution  is  employed,  from  that  suitable  where 
simple  drainage  alone  is  relied  on,  since  in  the  former  the  flush  of  irriga- 
tion negatives  the  stagnation  effect  of  gravity  which  must  be  dealt  with  in 
the  latter. 

In  the  case  of  the  Knee-joint,  both  treatment  and  prognosis  seem  to  depend 
upon  whether  the  infection  is  limited  to  the  part  of  the  cavity  anterior  to  the 
crucial  ligaments,  or  Avhether  the  posterior  portion  of  the  joint  is  involved  as 
well ;  and  there  can  be  no  doubt  that  the  outlook  in  the  latter  case  for  both 
limb  and  life  is  much  more  serious. 

The  first  essential  in  the  treatment  of  all  these  cases  is  extension,  and 
the  earlier  this  can  be  applied  the  more  hopeful  the  result.     Such  an  extension 
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must  be  of  sufficient  force  to  ensure  an  actual  stretching  of  the  ligaments,  and 
thereby  a  separation  of  the  joint  surfaces.  We  have  secured  this  pull  by  the 
use  of  the  stirrup  described  above,  which  seems  to  have  a  very  definite  value 
in  the  treatment  of  these  cases. 

In  early  infections  repeated  aspirations  may  be  tried,  but  should  not  be 
persisted  in  in  the  face  of  an  unfavourable  bacteriological  report.  The 
importance  of  such  an  examination,  both  as  regards  immediate  treatment  and 
ultimate  result,  has  been  rightly  insisted  on  by  Lazarus  Barlow  in  a  very 
instructive  article. 

When  arthrotomy  is  decided  upon,  it  must,  to  be  effective,  give  free  access 
and  enable  the  irrigating  fluid  to  reach  all  parts  of  the  joint  involved. 
Incisions  on  either  side  of  the  ligamentum  patella;  enable  the  anterior  part  of 
the  main  joint,  and  the  articulation  between  the  patella  and  the  femur,  to  be 
reached,  while  in  addition  a  small  incision  at  the  topmost  part  of  the  supra- 
patellar pouch  is  usually  necessary  to  control  this  cavity  efficiently.  In  cases 
which  rim  a  favourable  course,  the  irrigation  tubes  can  be  withdrawn  to  the 
level  of  the  capsule  after  a  few  days,  and  movement,  as  far  as  is  allowed 
by  the  extension,  can  be  encouraged  (a  great  advantage  of  the  stirrup).  If 
the  infection  does  not  tend  to  come  under  control,  the  possibility  of  a  post- 
crucial  spread  must  be  borne  in  mind,  but  any  early  extensive  posterior 
incisions  are  to  be  deprecated.  If  sufficient  extension  is  maintained,  it  is 
usually  safe  to  allow  pus  to  point  behind  before  interfering.  By  this  attitude 
the  dangers  of  opening  new  paths  to  infection  are  lessened,  and  much 
anatomical  disturbance  avoided,  while  the  possibility  of  the  infection  being 
in  realitv  still  ante-crucial  is  given  every  opportunity  of  declaring  itself. 

In  the  Elbozv-joint  the    case    is  rather  different,  in  that  the  majority  of 
wounds  of  this  joint  are  complications  of  fractures  of  the  bones  entering  into 
its  formation,  and  therefore  the  early  treatment  by  washing  out  and  suture 
is  seldom  possible.     In  many  cases  the  incisions  for  drainage  of  the  fracture 
can  be  made  to  serve  the  same  purpose  for  the  joint,    but  in  others  separate 
incisions  arc  needed,  and  here  again  the  provision  of  access  to  all  parts  of  the 
joint  is  the  main  essential.     In  these  cases,  and  in  those  in  which  a  deliberate^ 
arthrotomy  is    required   for   a    supjDurative   arthritis   complicating    fracturesl 
roiuid  the  joint,  we  have  used  a  longitudinal  incision  over  the  head  of  the| 
radius  in  preference  to  the  more  usual  posterior  incision,  and  have  treatedi 
the  joint  in  flexion  rather  than  in  extension.     This  incision  not  only  gives] 
very  good  access  to  the  elbow-joint  proper,  but  in  addition  brings  the  orbicularj 
ligament  under  the  eye  of  the  surgeon,  and  allows  early  interference  in  case  ofl 
infection    before   the    all-important    radio-ulnar   joint    becomes    disorganized.! 
This  incision  is  of  course  only  efficient  in  the  flexed  position  of  the  limb  ;    and| 
since  in  this  position  it  is  anterior,  it  presents  also  the  advantages  of  allowing] 
adequate  flushing  with  the  hypochlorite  solution  and  ready  accessibility  for| 
dressing  purposes.     With  this  method,  results  on  the  whole  have  been  remark- 
ably good  ;  and  although  in  many  cases  no  doubt  arthroplasty  or  excision  mayl 
ultimately  be  needed  to  secure  mobility,  the  control  of  the  sepsis  has  not  called| 
for  it  in  any  of  our  cases. 

Excision  has  had  its  claims  urged  by  several  surgeons  as  a  primaryj 
method  in  dealing  with  infected  elbow-joints  ;  but  it  is  difficult  to  see  what] 
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advantage  this  operation  has  to  offer,  when  the  fact  that  infection  can  almost 
always  be  controlled  without  it  is  balanced  against  the  very  definite  and  serious 
drawbacks  of  the  method  when  used  during  the  stage  of  acute  infection.  The 
whole  question  of  excision  of  joints  is  shrouded  in  considerable  mystery, 
owing  to  the  differing  conditions  of  the  wounds  and  of  the  objects  sought  by 
the  operations.  With  excisions  performed  for  orthopaedic  purposes  we  have 
no  concern,  since  this  is  a  matter  entirely  beyond  the  sphere  of  base  hospital 
work  in  France  ;  but  many  surgeons  both  in  France  and  in  England  advocate 
excision  for  purely  drainage  purposes,  or,  in  other  words,  as  a  conservative 
operation,  both  in  elbow  and  knee-joint  injuries  of  a  severe  type.  While 
admittedly  these  cases  are  some  of  the  most  difficult  to  control  of  any  infected 
wounds,  it  woidd  seem  doubtful  whether  excision,  at  any  rate  in  the  knee  and 
elbow,  has  any  advantages  to  offer.  If  really  efficient  drainage  is  to  be  secured, 
a  very  considerable  margin  of  bone  must  be  sacrificed,  a  fact  which,  in  the 
knee  more  particularly,  makes  the  end-results  of  these  cases  problematical 
in  the  extreme.  In  addition,  the  whole  zone  of  defence  of  the  patient  is 
distiu^bed,  and  an  organism  already  at  the  extreme  limit  of  resistance  is 
suddenly  brought  face  to  face  with  an  entirely  fresh  bacterial  attack  which 
it  is  quite  luiprepared  to  meet.  A  further  disadvantage  of  excision  must 
always  be  that  the  margin  in  these  cases  is  small,  and  that  should  improve- 
ment not  occur  very  quickly  after  this  operation,  amputation  will  be  called 
for,  and  the  patient  be  forced  to  submit  to  two  extensive  surgical  measures 
within  a  very  short  space  of  time. 

On  the  one  hand,  then,  we  have  the  less  active  treatment,  of  simple  drain- 
age and  hypochlorite  irrigation,  with,  as  its  best  result,  a  useful  limb,  and,  as 
its  worst,  amputation  when  the  margin  of  safe  delay  is  exhausted.  On  the 
other  hand  we  have  excision,  NWth,  as  its  best  result,  a  limb  the  usefulness  of 
which^bearing  in  mind  the  free  removal  of  bone  and  the  prolonged  drainage — 
is  problematical,  and,  as  its  worst  result,  amputation  in  the  face  of  a  margin 
of  safety  gravely  curtailed  by  a  previous  extensive  operation.  In  the  case  of 
the  elbow-joint  in  particular,  the  great  readiness  with  which  these  cases 
have  come  under  control  has  given  us  no  need  to  take  the  question  of 
excision  into  serious  consideration,  at  any  rate  as  a  means  of  controlling 
infection. 

Secondary  Amputation. — This  is  probably  one  of  the  questions  needing  a 
better  judgement  and  more  careful  weighing  of  pros  and  cons  than  any  other 
which  a  surgeon  at  a  base  hospital  in  France  has  to  deal  with,  That  in  each 
case  there  is  a  certain  margin  of  safety,  which  dare  not  be  overstepped,  in 
attempting  to  continue  conservative  treatment,  is  undoubted,  and  the  recog- 
nition of  the  moment  when  this  limit  is  reached  is  often  fraught  Avith  great 
difficulty.  It  is  just  one  of  those  points  which  must  be  considered  entirely 
afresh  in  each  individual  ease,  and  a  series  of  successfully  conserved  cases  on 
the  one  hand,  or  of  failures  on  the  other,  must  not  be  allowed  to  weigh  unduly 
in  deciding  on  the  treatment  of  any  particular  individual.  The  problem 
consists  in  balancing  the  chance  of  losing  or  shortening  lives  by  prolonged 
attempts  to  save  limbs,  against  that  of  sacrificing  limbs  which  might  have 
been  saved  in  the  end.     Now,  while  the  instrument  makers  have  no  doubt 
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advanced  greatly  in  the  dcsijjn  and  construction  of  artificial  limbs,  yet  at  the 
best  such  a  limb  is  a  poor  thing,  putting  the  patient  at  a  disadvantage  in  his 
struggle  for  existence,  a  fact  which  is  often  not  sufficiently  recognized  when 
the  question  of  amputation  is  being  considered.  Some  of  the  most  unsatis- 
factory results  of  conservative  treatment,  provided  they  are  painless,  are 
often  better  than  the  best  artificial  limb  ;  and  while  this  is  true  of  the  lower 
limb,  it  is  doubly  so  of  the  upper.  Another  fact  to  be  borne  in  mind  is  that 
the  scope  of  orthopaedic  surgery  to-day  is  such  that,  until  it  has  had  its  chance, 
it  is  practically  impossible  to  condemn  any  limb  as  useless. 

Bearing  these  points  in  mind,  we  have  on  the  whole  tended  towards 
extreme  conservatism  ;  and  although  in  one  case  death  may  have  been  due 
to  this  attitude,  there  are  many  others  in  which  quite  sound  limbs  have  been 
saved  which  at  one  stage  appeared  unsaveable.  In  a  large  series  of  compound 
fractures  we  have  performed  12  amputations,  of  which  8  were  for  shell  wounds 
of  the  tarsus  and  ankle-joint  (one  being  for  acute  infective  gangrene) ;  in  these 
cases  the  fact  that  has  helped  to  influence  us  in  not  continuing  conservative 
treatment  unduly  is  the  very  dubious  end-results  which  could  be  obtained  in 
these  severe  tarsal  fractures  ;  and  it  has  been  held  better  to  seize  the  moment 
when  a  low  amputation  is  safe,  rather  than  run  the  chance  of  losing  consider- 
able length  of  limb  in  trying  to  save  a  foot  of  very  doubtful  value.  Of  the 
remaining  four,  two  were  suppurating  knee-joint  wounds,  in  one  of  which  death 
resulted  (the  case  referred  to  above).  A  third  was  an  arm  with  a  disorganized 
elbow- joint  and  a  wound  of  the  forearm  destroying  the  ulnar  nerve  ;  this 
was  amputated  on  the  occasion  of  the  third  secondary  haemorrhage.  The 
fourth  case  was  of  a  different  type,  being  an  amputation  through  the  thigh 
for  spreading  gangrene  following  a  traumatic  aneurysm  of  the  posterior  tibial 
artery  ;    in  this  case  death  followed  from  acute  toxaemia.* 

Wounds  of  Muscles,  uncomplicated  by  bony  injury,  are  much  less 
difficult  to  deal  with  :  but  by  their  frequency,  and  the  disability  which  may 
result  from  adhesions  or  massive  scar-formation,  they  require  careful  handling. 
Rest  is  just  as  essential  a  part  of  the  treatment  of  these  wounds  as  of  that  of 
compound  fractures,  and  this  is  particularly  the  case  where  tendon  sheaths 
are  laid  open  to  the  spread  of  infection.  By  the  use  of  hypochlorite,  such 
sloughing  and  suppurating  muscle  wounds  can  be  freed  of  all  dead  tissue  in  ^ 
period  of  a  few  days  ;  with  the  possible  exception  that  dead  tendon  tissue,  being 
difficult  of  hydrolysis,  needs  removal  with  the  scissors.  All  these  wounds 
can  be  wholly  or  partially  closed  when  sterilized  ;  and  there  can  be  little  doubt 
that  the  more  extensive  use  of  this  procedure,  under  the  effective  control  of 
bacteriological  examination,  would  ensure  the  avoidance  of  much  disability 
and  many  painful  or  contracted  scars.  In  deep  or  through-and-through 
wounds  of  a  muscular  part  such  as  the  thigh,  it  occasionally  happens  that 
suppuration  and  a  high  bacterial  count  persist  beyond  the  usual  time.  In 
these  cases,  if  no  foreign  body  is  present,  it  will  almost  invariably  be  found 
on  exploring  the  wound  that  a  portion  of  dead  tendon  tissue,  consisting  of 

*  This  case  was  not  one  of  compound  fracture.     It  is  included  here  for  the  sake  of 
completeness,  but  will  not  be  found  in  the  appendix  of  cases. 
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an  aponeurosis  or  tendinous  intersection,  has  resisted  solution  and  acted  as  a 
base  for  continued  bacterial  attack.  If  such  portions  are  removed,  the  wound 
will  be  found  to  come  quickly  under  control. 

There  is  a  certain  tyj>e  of  patient  suffering  from  multiple  muscle  wounds, 
none  of  them  necessarily  severe,  in  whom  a  curious  lack  of  reaction  shows 
itself.  He  appears  to  have  lost  all  power  of  response  to  infection  :  he  does 
not  produce  pus,  nor  is  there  any  evidence  of  the  formation  of  a  reacting 
inflammatory  zone.  Such  a  patient  tends  to  go  do>\ni  hill  steadily,  and  die. 
These  cases  present  a  pathological  problem  of  great  interest,  in  that  it  is 
difficult  to  understand  why  '  shock '  shoidd  interfere  with  what  must  be 
entirely  a  chemical  reaction  ;  and  again,  if  '  shock  '  i*  responsible,  it  is  not 
clear  why  it  should  be  so  severe  in  a  patient  whose  total  wound  area  may  be 
considerably  less  than  that  of  a  vigorously  reacting  single-wound  case. 

COMPLICATIONS. 

The  prognosis  of  any  severely  infected  wound  can  seldom  be  predicted 
with  any  certainty  when  it  is  first  seen,  depending  as  it  does  on  so  many 
factors,  such  as  the  resistance  and  reacting  powers  of  the  patient,  of  which 
we  have  at  present  no  scientific  measure. 

One  of  the  most  fatal  complications  which  can  occur  in  the  course  of  an 
infected  woiuid  is  a  sepiictemia,  and  there  would  appear  to  be  no  indication 
either  in  the  site  or  nature  of  the  wound,  or  in  that  of  the  infection,  from  which 
warning  of  its  onset  can  be  obtained.  Just  what  the  conditions  are  which 
are  capable  of  upsetting  the  balance  between  the  defences  of  the  body  and 
the  attacking  organisms,  so  as  to  enable  the  latter  to  obtain  undisputed  access 
into  the  general  circulation,  is  not  very  clear,  but  there  are  certain  factors 
which  undoubtedly  tend  to  help  such  an  occurrence.  One  of  the  most 
imix)rtant  of  these,  under  certain  conditions,  is  undoubtedly  inefficient 
drainage.  Although  this  may  lead  to  spreading  cellulitis  and  abscess  forma- 
tion in  a  limb  imder  any  conditions,  it  would  appear  that  where  rest  is 
absolute,  the  body  can  usually  prevent  any  complete  breaking  through  of 
its  defences ;  but  where  faulty  immobilization,  especially  when  subject  to  the 
stress  of  transport,  is  added  to  inefficient  drainage,  the  dangers  of  a  septiciemia 
would  appear  to  be  considerable.  This  is  one  of  the  great  disadvantages  to 
be  urged  against  the  complete  early  closure  of  wounds,  either  complicated 
with  fractures  or  ^^-ithout,  under  circumstances  where  early  and  frequent 
transport  is  a  necessity  of  the  patient's  futiu-e,  when  no  absolute  certainty 
can  be  felt  that  infection  is  completely  mastered.  The  same  risk  attends 
any  extensive  surgical  interference  during  the  stages  of  acute  infection  ;  and 
since  with  rigid  immobilization  the  occurrence  of  a  general  infection  is 
almost  unkno^^^l,  it  is  a  great  deal  safer  to  wait  until  fluctuating  pus  calls 
for  a  purely  local  intervention,  than  to  make  extensive  incisions  on  the 
ground  of  local  inflammatory^  signs,  with  the  risk  of  a  fatal  septicaemia 
to  follow. 

In  addition  to  septica-mia,  another  severe  and  at  times  dangerous  com- 
plication of  infected  wounds  has  to  be  feared ,  namely,  secondary  hcemorrhage. 
At  first  sight,  since  the  avowed  object  of  using  hypochlorite  in  the  treatment 
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of  infected  wounds  is  the  rapid  solution  of  dead  protein,  it  vvovild  seem  prob- 
able that  secondary  haemorrhage  should  be  commoner  with  this  treatment 
than  with  others,  since  blood-clot  is  very  readily  dissolved  by  the  fluid.  But 
in  a  large  number  of  eases  so  treated  there  has  been  no  undue  frequency  of 
this  complication,  though  it  has  occurred  in  a  certain  number  :  it  seems  prob- 
able, however,  that  in  the  latter  the  secondary  haniorrhage  was  in  no  way 
due  to  the  hypochlorite,  since  when  it  did  occiu-  it  was  in  wounds  intensely 
septic,  where  pus — that  is,  protein  in  solution — was  plentiful,  and  in  such 
Avounds  the  hypochlorite  as  such  is  destroyed  within  a  few  seconds  after  its 
introduction,  long  before  it  could  have  any  action  on  the  blood-clot.  It  has, 
however,  been  our  practice  to  pay  jjarticular  attention  to  bleeding  points 
after  any  operative  measure  where  bleeding  occurs,  and,  in  addition,  not 
to  introduce  the  hypochlorite  solution  for  at  least  twelve  hours  after 
operation,  so  as  to  diminish  the  chances  of  oozing. 

The  fact  that  secondary  hemorrhage,  as  such,  occurs  almost  invariably 
in  extremely  septic  wounds,  and  especially  where  the  sepsis  is  tending  to 
spread,  leads  one  to  believe  that  inefficient  drainage  is  mainly  concerned  in 
its  causation,  though  the  intense  general  prostration  in  proportion  to  the 
amount  of  blood  actually  lost  points  rather  to  a  more  obscure  origin. 

MODE     OF     ACTION     OF     HYPOCHLORITE     SOLUTION. 

At  the  present  moment  there  is  still  considerable  luiccrtainty  both  as  to 
the  mode  of  action  of  the  hyjjoehlorite  solution  and  the  exact  nature  of  its 
break-down  products.  Further,  very  different  results  have  been  obtained  by 
different  observers  as  to  its  direct  'bactericidal  value,'  especially  in  the  presence 
of  pus  or  serum.  Our  own  view  is  that  as  a  pure  bactericidal  agent — in  the 
sense  of  directly  destroying  micro-organisms — its  action  is  unimportant,  and 
that  its  undoubted  value  in  the  treatment  of  infected  woimds  depends  on 
its  power  of  destroying  dead  tissue,  and  so  depriving  the  infecting  organisms 
of  their  pabulum. 

Experiments  made  to  determine  the  action  of  a  0-5  per  cent  hypochlorite 
solution  on  coagulated  albumin,  gelatin,  albumin  in  solution,  and  dead  tissue, 
showed  that  the  solid  protein  was  dissolved,  and  the  j^rotcin  in  solution  altered. 
This  alteration  consists  in  an  hydrolysis  of  the  protein,  which  appears  to  be 
comj^lete,  and  the  various  stages  of  the  formation  of  alkali  albumin,  proteoses, 
pejitone,  and  lower  products  can  be  followed.  The  action  is  a  bulk  action, 
and  since  the  hypochlorite  is  itself  decomposed  in  the  process,  the  amoimt  to 
be  used  bears  a  direct  ratio  to  the  amount  of  j^rotein  to  be  destroyed  ;  this 
fact  explains  the  apparent  failure  of  Dakin's  solution  in  Sir  Almroth  Wright's 
'artificial  slough'  experiments.  As  an  example  :  In  a  solution  containing 
5  per  cent  egg-white  and  0-5  per  cent  hypochlorite,  no  protein,  j^roteoses,  or 
peptone  could  be  detected  after  eight  hours'  incubation,  although  all  these 
substances  could  be  foimd  at  varying  stages  in  the  experiment. 

Muscle,  catgut,  silk,  and  cotton  were  all  destroyed  readily  in  vitro.  Thisr 
is  not  the  case,  however,  with  bone.  If  a  weighed  piece  of  bone  with  soft 
tissues  attached  is  submitted  to  the  action  of  hypochlorite  solution,  there  is 
at  first  a  slight  gain  in  weight,  .after  which  the  weight  steadily  diminishes  until 
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the  soft  tissue  is  completely  dissolved,  when  the  weight  remains  constant 
under  further  treatment.  Although  the  ready  solution  of  ligature  material 
would  appear  at  first  sight  to  present  a  danger  in  the  use  of  hypochlorite  in 
wounds,  this  is  not  so  in  practice,  since  the  amoimt  of  protein  in  solution 
present  in  a  wound  is  sufficient  to  neutralize  the  hypochlorite  as  introduced. 
This  fact  also  accounts  for  the  absence  of  any  injury  to  the  living  tissues  when 
the  hypochlorite  is  introduced  under  these  conditions,  a  fact  well  shown  by 
the  normal  appearance  and  phagoc\i:ic  activity  of  the  white  cells  as  seen  in 
the  smears  examined  from  the  wounds  under  treatment. 

In  direct  proportion  as  the  dead  tissue  disappears,  the  organisms,  as 
shown  by  the  bacterial  controls,  diminish  in  number,  since  most  organisms 
need  at  any  rate  polypeptides  for  their  growth,  and  these  are  hydrolysed  into 
simpler  products  by  the  hypochlorite.  Wright  points  out  that  the  strepto- 
cocci and  the  staphylococci  are  the  only  organisms  able  to  assimilate  the  protein 
in  serum,  which  he  speaks  of  as  being  'protected'  from  digestion  by  the  anti- 
trypsin of  that  fluid.  In  this  connection  it  is  interesting  to  note  that  a  study 
of  the  nature  of  the  flora  of  wounds  treated  here  by  hypochlorite  shows  that 
the  coliform  and  sporing  bacilli  disappear  first,  then  B.  fVelchii,  and  that  the 
streptococci  and  staphylococci  are  the  most  persistent.  An  exception,  how- 
ever, is  B.  pyocyaneus,  which  has  sometimes  made  its  first  appearance  when 
the  wound  was  relatively  free  from  other  organisms  and  was  clean,  and  the 
suggestion  is  made  that  this  organism  may  be  able  to  develop  in  the  absence 
of  peptone  or  polypeptides. 

BACTERIOLOGICAL     CONTROL. 

Films  from  the  most  infected  part  of  each  wound  have  been  prepared 
and  examined  every  other  day  by  the  method  worked  out  at  Dr.  Carrel's 
hospital,  and  the  number  of  organisms  per  field  of  the  microscope  is  entered 
on  a  chart  (Fig.  362),  and  forms  an  efficient  guide  to  the  progress  of  the  wound. 
At  the  same  time,  in  examining  these  films,  the  type  of  organism  is  also  noted, 
as  well  as  the  nature  of  the  cells,  particularly  the  relative  number  of  mono- 
nuclears, and  their  condition  of  preservation,  phagocytic  activity,  etc.  While 
such  a  control  can  by  its  nature  only  be  approximate,  it  is  found  in  practice 
to  be  most  efficient,  both  in  relation  to  the  progress  of  the  wound,  and  to  the 
moment  for  suture,  if  that  is  aimed  at.  If  the  hypochlorite  is  reaching  all 
parts  of  the  wound,  and  in  consequence  dead  tissue  is  being  evenly  eliminated, 
the  chart  will  be  found  to  have  a  steady  downward  tendency.  The  persistence 
of  a  high  bacterial  count,  prov  ided  there  is  no  fault  of  technique,  almost  always 
points  to  the  presence  of  a  foreign  body  of  some  kind,  or  to  the  fact  that  all 
parts  of  the  wound  are  not  being  reached  by  the  solution. 

In  the  course  of  the  routine  examinations  here,  the  tetanus  bacillus  has 
been  found  in  a  certain  number  of  cases,  and  although  in  none  of  these  has 
tetanus  developed,  yet  the  recognition  of  this  organism  is  an  indication  for 
active  prophylaxis. 

As  regards  the  cell  content  of  the  films,  at  first  only  polymorphonuclears 
are  seen  ;  but  as  '  sterilization '  proceeds,  the  large  lymphocytes  and  endo- 
thelial cells  come  into  evidence,  until  they  may  number  one  to  every  six  or 
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seven  polymorphonuclears.  A  large  percentage  of  mononuclears,  however,  is 
sometimes  seen  when  there  are  still  many  organisms,  and  vice  versa  ;  but  in 
general  it  may  be  said  that  the  appearance  of  mononuclear  cells  is  a  favourable 
indication. 

On  the  lines  described  above  we  have  attempted  to  carry  out  a  system 
of  treatment  based  on  the  principle  of  assisting  Nature  in  the  process  of  repair  ; 
and  it  is  because  we  have  been  fortunate  in  having  a  number  of  severely  infected 
cases  to  deal  with  under  conditions  allowing  of  observation  in  some  detail, 
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Fig.    362. — Bacteria!  chart  from  a  case  of  through -and -through  wound  of  the  thigh. 
A  piece  of  clothing  was  removed  from  the  exit  wound  on  June  14. 


that  we  bring  forward  these  notes.  The  gradual  recognition  of  the  importance 
of  contamination  and  reinfection  of  infected  wounds  has  led  to  the  develop- 
ment of  aseptic  principles  as  applied  to  their  treatment ;  and  it  seems  that 
much  the  same  evolution  of  thought  is  taking  place  to-^day  in  regard  to  infected 
war  wounds,  as  took  place  in  the  past  in  regard  to  general  operative  surgery, 

A  proper  insistence  on  the  essential  importance  of  such  aseptic  principles 
we  owe  to  Dr.  Alexis  Carrel,  as  well  as  the  technique  of  the  irrigation  method 
bearing  his  name  which  has  proved  so  valuable  in  the  treatment  of  war  wounds. 
Although  in  many  ways  unable  to  agree  with  his  interpretation  of  the  mode 
of  action  of  hypochlorite  solution,  we  wish  to  express  our  gratitude  to  him' 
for  his  great  courtesy  and  help  during  a  visit  to  his  hospital  at  Compiegne, 
and  our  admiration  of  the  valuable  work  carried  out  there  by  himself  and  his 
co-workers. 
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Mueh  of  the  work  recorded  in  this  paper  could  not  have  been  carried  out 
without  the  help  and  co-operation  of  Dr.  C.  Dean,  who  has  been  responsible 
for  the  medical  and  bacteriological  work  at  this  hospital.  He  has  employed 
the  principles  discussed  in  this  paper  in  a  large  nimiber  of  chest  wounds,  and 
the  results  which  he  has  obtained  are  appearing  in  the  Quarterly  Journal  of 
Medicine. 

We  further  wish  to  express  our  thanks  to  Millicent,  Duchess  of  Sutherland, 
for  the  enthusiastic  and  understanding  manner  in  which  she  has  helped  us 
to  carry  out  this  treatment,  and  to  the  nursing  staff  of  this  hospital,  whose 
interest  and  co-operation  in  the  work  have  been  invaluable.  Mr.  H.  A.  Douglass, 
A. R.I. B. A.,  we  have  to  thank  for  his  able  assistance  in  the  design  and 
construction  of  splints,  Miss  E.  McNeill  for  her  careful  compilation  of 
records,  and  Private  J.  (iowans,  R.A.M.C.,  for  much  valuable  help  in  the 
laboratory  work. 

It  has  seemed  to  us  desirable  in  the  following  Appendix,  which  gives  an 
abstract  of  a  certain  number  of  cases  treated  on  the  above  lines,  only  to 
record  such  as  have  been  kept  luider  treatment  here  luitil  all  reasonable 
probability  of  the  usual  complications  occurring  has  passed.  While  by 
such  a  selection,  naturally,  all  the  failures  are  presented,  yet  it  seems  to 
us  more  satisfactory  than  to  publish  a  larger  number  of  cases  the  ultimate 
outcome  of  which  is  unknown,  in  order  to  show  more  favourable  statistics. 
The  appended  cases  (pp.  449-461)  are  brought  up  to  date  to  August  15,  1917. 


APPENDIX. 

A.     SUMMARY     OF     MUSCLE     WOUNDS  : 

A  Statistical  Summary  of  48  Cases,  selected  chiefly  for  their  large  surface  area,  or  involvement 
of  important  muscles. 

13  cases  had  an  initial  infinity  count,  the  rest  being  of  varying  lower  septicity. 

Average  time  to  disappearance  of  visible  dead  tissue,  was  just  over  9  days. 

7  of  the  48  cases  were  still  incompletely  sterile  on  transfer. 

10  cases  were  sutured  with  perfect  success. 

4  cases  were  sutured  with  partial  success. 

In  2  of  the  partial  failures  the  skin  could  not  be  approximated. 

27  cases  were  sterile  on  transfer. 
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GUNSHOT    WOUNDS    OF    THE    KNEE-JOINT:     A    BEPORT 
ON     100    CONSECUTIVE    CASES. 

By   Captain   E.   TISSINGTON   TATLOW,   R.A.M.C.  (T.) 

During  the  past  twelve  months,  the  treatment  of  gunshot  wounds  of  the 
knee-joint  at  the  clearing  stations  has  improved  very  considerably,  thus 
simp  ifying  the  problems  presented  to  the  surgeon  at  the  base  hospital.  This 
improvement  must  be  attributed  largely  to  earlier  operation,  complete  removal 
of  damaged  and  infected  tissue,  and  in  consequence  the  ability  to  close  the 
wounded  joint  completely.  At  one  time  it  was  a  rare  event  to  see  a  case  of 
a  grossly  injured  knee-joint  admitted  at  the  base  completely  sutured  ;  of 
recent  months  this  is  almost  the  rule. 

STATISTICAL     SUMMARY. 

The  cases  in  this  series  have  been  under  my  treatment  at  a  base  hospital 
this  year.  Of  the  100  cases,  2  died,  both  after  amputation  ;  4  were  success- 
fully amputated  ;  9  were  successfully  resected  ;  and  12  were  unoperated  upon. 
The  remaining  73  were  evacuated  to  England,  after  operation  either  at  the 
base  or  at  the  clearing  station,  with  a  normal  temperature,  and  either  healed 
or  granulating  wounds,  or  at  most  a  small  discharging  sinus. 

Varieties  of  Lesion. — The  lesions  of  the  knee-joint  may  be  grouped  under 
five  headings,  referred  to  in  detail  below,  as  follows  : — 


Tear  of  the  capsule  only 

Through-and-through  wound  without  bone  injury 
Through-and-through  wound  with  bone  injury 
Retained  foreign  body  in  the  joint  without  bone  injury 
Retained  foreign  body  with  bone  injury 


9  cases 
13      „ 
25       „ 
24      „ 
29       „ 


Missile.— With  regard  to  the  nature  of  the  projectile,  the  figures  are  as 
follows  : — ■ 


Revolver  bullet 


1  case 

4  cases 

9  „ 

9  M 

77  „ 


Machine-gun  bullets 
Rifle  bullets   . . 
Shrapnel  balls 
High-explosive  fragments 

The  term  '  high-explosive   fragment '    is  used  to  include   fragments  of 
shell,  bombs,  and  grenades. 

Organisms. — Cultures  of  the  fluid  of  the  joint  were  made  in  37  cases,  with 
the  following  results  : — 


No  organisms  grown    . . 

17  cases 

Streptococci   . .               .  . 

13      „ 

B.  perfringens 

3      „ 

Staphylococcus  aureus   .  . 

2      „ 

Staphylococcus  albus 

1  case 

Diphtheroid  (?  contamination)  . . 

1     ,. 
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It  is  of  interest  to  consider  the  results  of  the  13  cases  found  to  have  a 
general  streptococcal  infection  of  the  joint :  5  were  resected  ;  5  were  ampu- 
tated ;  2  had  resections  of  the  patella  ;  1  had  Carrel-Dakin  treatment  and 
drainage.  In  the  total  series,  only  11  cases  were  resected  and  6  amputated, 
so  the  streptococcal  infection  may  be  seen  to  account  for  a  large  proportion 
of  these. 

Of  the  3  cases  infected  by  the  B.  perfringens,  in  2  the  joint  was  resected  ; 
in  1  a  high-explosive  fragment  was  removed,  followed  by  B.I.P.P.  treatment 
and  suture.  One  case  which  was  resected  had,  in  addition  to  the  B.  perfringens 
infection,  a  severe  fracture  of  the  intercondylar  notch,  in  which  a  large  high- 
explosive  fragment  was  imbedded. 


Tear  of  the  Capsule  only. — 9  cases. 

Amputation 
Resection 

B.I.P.P.  and  suture 
Salt  pack 


The  two  amputations  and  the  resection  were  not  diagnosed  as  being 
penetrating  wounds  of  the  knee-joint  for  some  days  after  their  being  woimded. 
All  the  three  were  infected  by  the  streptococcus. 

Through-and-through  Wound  without  Bone  Lesion. — 13  cases. 


No  operative  treatment 
Excision  of  wounds  and  suture 


Foreign  Body  in  the  Joint  and  no  Bone  Lesion. — 24  cases. 


Removal  of  the  missile,  B.I.P.P.,  and  suture 
Removal  of  the  missile,  lavage,  and  suture 
Carrel-Dakin  treatment   . . 
Formalin  and  glycerin  injections 
No  ofjerative  treatment  for  removal 
Salt  pack 


Bone  Lesion  involving  the  Knee-joint — 54  cases. 

Compound  fracture  of  the  patella 

Fracture  of  the  shaft  of  the  femur     . . 

Fracture  of  both  condyles 

Fracture  of  a  single  condyle . . 

Fractuie  of  the  head  of  the  tibia 

Fracture  of  the  internal  condyle  and  the  outer  head  of  the  tibia . . 

Fracture  of  the  patella,  external  condyle,  and  outer  head  of  the  tibia 

Fracture  of  the  patella  and  the  inner  head  of  the  tibia 

Fracture  of  the  patella  and  both  condyles 

Fracture  of  the  patella  and  the  intercondylar  notch 

Wounds    of  the  Joint  involving  the  Patella. — 11  cases. 

Resection  of  the  patella 
Suture  of  the  patella  fragments 

Cases  treated  conservatively  after  toilet,  foreign  body  removal,  and 
suture  of  capsule  . . 


11 
5 
3 
20 
10 
1 
1 
1 
1 
1 


The  four  cases  of  the  resection  of  the  patella  are  reported  to  be  walking, 
with  stiff  knee-joints.  The  case  of  patella  sutm-e  resulted  in  ultimate  necrosis 
of  the  patella,  with  a  stiff  knee. 
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Wounds  of  the  Joint  involving  the  Shaft  of  the  Femur. — 5  cases. 
One  had  a  rifle  bullet  in  the  shaft. 

A  final  report  has  only  been  received  concerning  two  of  these  cases. 
Both  have  mobile  knee-joints. 

Wounds  of  the  Joint  involving  Both  Condyles. — 3  cases. 

Treated  conservatively  . .  1 

Resection  of  the  joint  . .  2 

Both  resections  had  bony  union  on  evacuation.  One  was  performed  for 
fracture  of  the  condyles  and  intercondylar  notch,  with  B.  perfringens  infec- 
tion ;  the  other  was  a  primary  resection  for  severe  comminution  of  both 
condyles,  performed  at  the  clearing  station  seven  hours  after  the  time  of 
wounding. 

Wounds  of  the  Joint  involving  One  Condyle. — 20  cases. 

a.  External  condyle. — 7  cases  (slight  bone  injury  4  ;    severe  3). 

Treated  conservatively  . .  4 

Amputation  . .  . .  1 

Resection  of  the  joint  . .  2 

Two  were  evacuated  with  minute  foreign  bodies  remaining  in  the 
condyle. 

b.  Internal  condyle. — 13  cases  (slight  bone  injury  4  ;    severe  9). 

The  entire  series  were  treated  conservatively.  One  was  evacuated  with 
a  shrapnel  ball  remaining  in  the  condyle,  and  one  with  multiple  high-explo- 
sive fragments  in  the  joint. 

Wounds  of  the  Joint  involving  the  Head  of  tlie  Tibia. — 10  cases  (severe 
bone  injury  3  ;    slight  7). 

Amputation  . .  . .  1  (died) 

•Joint  resection  . .  . .  2 

Treated  conservatively  . .  7 

Wounds  of  the  Joint  involving  Several  Bones. — 5  cases. 

Two  of  these  were  amputated  :  one  a  case  of  fracture  of  the  patella,  the 
external  condyle,  and  the  outer  head  of  the  tibia  (in  this  case  osteomyelitis 
of  the  shaft  of  the  femur  developed) ;  the  other  a  case  of  fracture  of  the 
patella  and  both  condyles  (here  an  acute  streptococcal  arthritis  was  present). 
Two  other  cases  are  reported  to  hav^e  a  fair  degree  of  mobility  and  to  be  good 
functional  results  :  one  a  case  with  a  severe  fracture  of  the  internal  condyle 
and  of  the  outer  head  of  the  tibia  ;  the  other  a  case  of  a  fracture  of  the  patella 
and  the  head  of  the  tibia.  The  fifth  case,  a  fracture  of  the  patella  and  the 
intercondylar  notch,  is  still  in  the  hospital ;  the  patella  was  resected  at  the 
casualty  clearing  station,  and  the  bone  cavity  treated  with  B.I. P.P. 

Thus,  of  the  54  cases  with  a  bone  lesion,  1  died  after  amputation,  4  were 
successfully  amputated,  and  7  had  resections  performed  ;  all  the  resections 
have  been  evacuated  to  England  with  good  union,  and  3  are  reported  to  be 
walking  well.  Of  the  other  42  cases  evacuated  on  their  splints,  13  reports 
have  been  received  :  7  cases  have  stiff,  useful  knee-joints  (4  of  these  were 
cases  of  resected  patella,  1  a  case  of  fractured  patella  which  was  sutured 
and  subsequently  necrosed,  1    was  a  case  of  a  fractured  condyle) ;    7  cases 
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are  reported  to  have  mobile  knee-joints  (2  were  fractures  of  the  shaft  of 
the  femur,  1  was  a  fracture  of  the  patella  and  head  of  the  tibia,  1  was 
a  fracture  of  the  internal  condyle  and  the  head  of  the  tibia,  2  were  fractures 
of  the  internal  condyle,  and  1  was  a  fracture  of  the  head  of  the  tibia  only). 

Of  the  100  cases,  12  did  not  luidergo  any  operation.  Of  these.  10  were 
cases  with  through-and-through  wounds  (3  of  these  had  fractures  of  the 
shaft  of  the  femur,  1  had  a  fracture  of  the  head  of  the  tibia,'  and  1  a 
fracture  of  the  condyle)  ;  2  of  the  cases  had  retained  foreign  bodies  (one, 
a  shrapnel  ball  in  the  internal  condyle  ;  the  other,  multiple  minute  high- 
explosive  fragments  in  the  joint).  In  6  the  wounds  were  caused  by  rifle 
bullets,  in  3  by  shell  fragments,  in  2  by  machine-gim  bullets,  and  in  1  by  a 
shrapnel  ball. 

In  the  series,  68  cases  were  ojierated  upon  at  the  clearing  stations.  Of 
these,  35  were  completely  closed  ;  these  cases  required  no  further  operative 
treatment,  with  two  exceptions — in  one  case  a  revolver  bullet  was  left  in, 
and  had  to  be  removed  ;  in  another,  a  general  infection  of  the  joint  with 
the  Staphylococcus  aureus  supervened,  necessitating  opening  up. 

Of  the  34  cases  operated  on  at  the  base,  14  had  had  a  previous  operation 
at  the  clearing  station  ;  20  had  had  no  operative  treatment.  Of  the  20  cases 
unoperated  upon  at  the  clearing  station,  3  were  amputated,  5  resected,  2 
had  resections  of  the  patella,  6  had  operations  for  the  removal  of  foreign 
bodies,  1  had  wound  enlargement,  1  had  a  tear  in  the  capsule  excised  and 
sutured,  1  had  an  exploratory  operation,  and  1  was  treated  by  repeated 
aspirations.  Of  the  14  cases  which  had  been  previously  operated  ui)on,  2 
had  foreign  bodies  removed  which  the  casualty  clearing  station  had  failed 
to  find,  3  were  amputated,  4  had  open  wounds  which  had  to  be  enlarged,  1 
had  an  abscess  evacuated  outside  the  joint,  1  had  a  sutured  joint  opened  up, 
and  3  were  resected. 

That  is  to  say,  the  clearing  stations  sent  down  100  cases  of  gunshot 
wound  of  the  knee-joint ;  68  had  been  operated  upon  there — of  these,  14 
required  re-operation ;  32  were  imoperated  upon — of  these,  20  required 
operation. 

TREATMENT. . 

I  propose  briefly  to  discuss  some  of  the  problems  which  arise  in  con- 
nection ^vith  gunshot  wounds  of  the  knee-joint  at  the  base  hospital. 

Some  of  the  cases  arrive,  several  days  after  being  wounded,  with  the 
foreign  body  in  the  joint,  either  with  or  ^^^thout  a  fracture.  Is  the  foreign 
body  to  be  removed  or  to  be  left  in  ?  The  answer  must  depend  on  the  size  of 
the  missile  and  its  situation.  A  foreign  body  deep  in  the  shaft  of  the  femur, 
or  in  a  condyle,  or  the  head  of  the  tibia,  in  a  case  where  the  joint  is  quiescent, 
can  well  be  left  alone.  Where  there  is  a  large  foreign  body  free  in  the  joint, 
or  protruding  out  of  the  bone  into  the  joint  cavity,  it  must  be  removed. 

The  question  then  arises :  Should  the  missile  be  removed  at  once,  or  should 
an  expectant  attitude  be  adopted,  and  the  foreign  body  removed  weeks  or 
months  later  when  the  joint  is  'quiet'  ?  It  is  impossible,  of  course,  to  make 
an  absolute  rule,  but  my  practice  has  been  to  remove  any  such  foreign  body 
of  large  size  immediately.     The  operative  procedure  has  included  excision  of 
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the  track,  employment  of  a  fresh  set  of  instruments  for  the  removal  of  the 
foreign  body,  a  gentle  meehanical  Hushing  of  the  area  in  which  it  lay,  the 
placing  of  a  small  quantity — about  15  grains — of  bismuth,  iodoform,  and 
paraffin  paste  into  the  joint  and,  whenever  possible,  the  suturing  of  the  capsule 
and  the  entire  closing  of  the  wound.  Special  attention  should  be  paid  to 
any  bone  injury,  and  after  careful  curettage,  B.I. P.P.  is  placed  in  the  resulting 
bone  cavity. 

The  other  most  frequent,  or  at  any  rate  most  pressing,  problem  at  the 
base  is  the  treatment  of  cases  of  general  arthritis  of  the  streptococcal  variety. 
Such  cases,  when  treated  by  a  posterior  drainage  operation — more  especially 
when  there  was  a  bone  lesion — did  badly  in  my  hands,  and  in  the  present 
series  I  have  attempted  resection  of  the  joint  rather  than  this  form  of  drainage. 
The  resection  includes  the  patella,  but  all  the  synovial  membrane  possible 
is  left  to  act  as  a  protective  barrier.  After  resection,  the  operation  area  is 
treated  with  B.I. P.P.,  extension  is  applied,  and  a  gauze  pack  is  placed 
between  the  bone  ends.  After  a  lapse  of  some  three  to  seven  or  even  ten 
days,  deiDcnding  on  the  pulse-rate  and  general  condition  of  the  patient,  the 
pack  is  taken  out  luider  nitrous-oxide  anaesthesia,  the  extension  removed, 
and  the  bony  surfaces  are  allowed  to  come  together.  Some  cases,  after  the 
removal  of  the  pack,  have  required  irrigation  daily  for  suppuration  about  the 
resection  ;  but  with  the  exception  of  two  cases  amputated,  to  which  I  shall 
refer  later,  this  has  cleared  up,  and  bony  union  has  resulted.  Fixation  after 
resection  is  important.  There  is  a  tendency  for  the  lower  end  of  the  femur 
to  slide  outwards  so  that  this  bone  and  the  tibia  are  not  in  the  same  straight 
line.  This  displacement  can  be  overcome  by  the  use  of  a  short  Robert  Jones 
crab  splint,  in  which  the  limb  rests,  and  which  is  itself  placed  on  a  Thomas 
hip  splint.  For  this  suggestion  I  am  indebted  to  Captain  R.  C.  Harkness. 
Osteomyelitis  has  not  supervened  in  any  of  the  cases. 

I  am  only  too  well  aware  that  resection  performed  later  than  the  third 
or  fourth  day  is  a  '  second  best '  operation  ;  the  ideal  procedure  would  be  so 
to  treat  every  case  at  the  clearing  station  that  secondary  resection  would  be 
unnecessary.  This  notwithstanding,  it  would  appear  that  in  the  case  of  a 
severe  streptococcal  infection — especially  in  the  presence  of  a  bone  lesion — 
resection  gives  a  more  certain  result  than  does  posterior  drainage. 

It  would  appear  to  me  that  in  any  case  where  there  is  a  general  acute 
streptococcus  infection  and  a  bone  lesion,  resection  is  a  justifiable  operation; 
and  even  in  the  cases  where  there  is  an  acute  infection  of  the  long-chain 
streptococcus  variety  and  no  bone  injury,  the  possibility  must  be  considered 
of  resection  being  a  wiser  operation  than  drainage,  even  when  the  latter  is 
carried  out  by  means  of  Campbell  and  Woolfenden's  method,  with  division  of 
the  heads  of  the  gastrocnemius  {vide  Lancet,  1917,  Aug.  11,   185). 

Acute  arthritis  due  to  the  staphylococcus  group  can  easily  be  treated 
by  simple  drainage  methods.  Where  there  is  no  bone  injury,  simple  incision 
usually  suffices  ;  if  there  is  a  bone  injury,  Carrel-Dakin  treatment  to  the  site 
of  such  injury  gives  the  best  results. 

Cases  of  pure  B.  perfringens  infection  of  the  joint  are  very  amenable  to 
treatment ;  usually,  after  foreign-body  removal  and  lavage,  these  joints  can 
be  sutured. 
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Pyaemic  infection  of  the  knee-joint  by  the  streptococcus  or  other  organism 
can  be  successfully  treated  by  incision,  mechanical  lavage,  the  application  of 
15  gr.  of  B.I.P.P.,  suture  of  the  capsule,  and  skin  closure. 

Aspiration  has  given  bad  results  in  my  hands,  both  in  1916  and  in  the 
few  cases  thus  treated  in  this  series.  If  the  effusion  is  sterile,  it  must  be 
regarded  as  a  protective  effusion  and  left  alone  ;  if  it  is  infected,  it  must  be 
evacuated.  Aspiration  should  not  be  used  as  a  curative  measure.  Every 
effusion  is  needled  for  diagnostic  purposes,  and  if  sterile,  is  left  alone  to  be 
absorbed,  being  considered  a  protective  effort  on  the  part  of  the  joint.  Non- 
absorption  does  not  occur. 

It  seems  necessary  to  repeat  what  several  other  obser\'ers  have  noticed, 
namely,  that  absolute  immobiUty  is  necessary.  The  fewer  the  dressings  the 
better.  Any  operative  procedure,  short  of  resection,  should  be  carried  out 
without  removing  the  limb  from  the  splint.  Every  case  of  wound  in  the 
joint  is  best  treated,  for  a  time  at  any  rate,  on  a  Thomas  splint  ^vith  a  fixed 
extension,  using  pulleys  or  not  for  the  splint  itself,  as  may  seem  advisable. 

Starting  pains  at  night  are  an  indication  for  tightening  the  extension. 
At  first,  if  the  joint  appears  quiescent  and  no  pain  is  complained  of,  the  limb 
is  placed  on  the  splint,  and  the  extension  bands  are  applied,  but  not  tightened  ; 
as  soon  as  the  knee  'jumps,'  the  bands  must  be  tightened.  Small  plates  of 
perforated  zinc  laid  on  cross-ribbons  of  aluminium  are  the  best  supports,  as 
they  can  be  easily  changed  and  the  skin  attended  to  by  the  ward  sister  Avith 
the  minimum  of  movement.     A  Balkan  support  is  necessary. 

CONCLUSIONS. 

1.  Early  operation,  if  the  procedure  be  radical,  and^especially  if  the  entire 
capsule  can  be  sutured,  results,  in  94  per  cent  of  the  cases,  in  a  sterile  joint, 
and  therefore  in  a  successful  issue. 

2.  Where  a  pack  or  drain  is  used  down  to  a  tear  in  the  capsule  or  to  a 
cavity  in  bone,  the  results  can  never  be  depended  upon. 

3.  The  removal  of  missiles  from  the  joint  within  the  first  week,  even  in 
the  presence  of  sepsis  (other  than  that  due  to  the  streptococcus),  can  be 
followed  by  immediate  suture,  B.I. P.P.  being  used  to  aid  sterihzation. 

4.  The  Carrel-Dakin  method  is  most  useful  for  the  treatment  of  bone 
lesions  or  septic  peri-articular  conditions.  It  is  almost  impossible  to  sterilize 
a  severely  infected  joint  by  this  method. 

5.  In  the  presence  of  a  general  infection  of  the  joint  by  the  streptococcus, 
resection  gives  good  results,  even  when  performed  in  the  second  or  third  week. 

6.  Cases  with  a  severe  bone  injury  should  be  treated  more  often  than 
they  are  by  an  immediate  primary  resection  of  the  joint  at  the  clearing  station. 
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[Tlie  semi-diagrammatic  figures  illustrating  the  article  are  made  from  the 
outlines  of  x-ray  plates. — Ed.  Sec] 


Fig.  303.  —  Case  3. 
R|i  fl  e  -  bullet  wound. 
Severe  comminuted  frac- 
ture of  femur  above  con- 
dyles. 


Fig.  364.  —  Case  6. 
Large  high -explosive  frag- 
ment passed  through  con- 
dyle and  joint  and  lodged 
in  head  of  tibia. 


Fig.  3(55. — Case  9.  Wound 
by  high  -  explosive  fragment, 
exposing  cancellous  tissue  of 
internal  condyle  and  inner 
head  of  tibia.  A.  Cavity  in 
femur.     B,  Cavity  in  tibia. 


Fio.  366. — Case  10.  High-explosive 
fragment  in  outer  head  of  tibia  after 
pa-s-sing  through  joint. 


Fig.  367.  —  Case  13.  Patella 
completely  divided  by  high -explosive 
fragment. 
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Fio.  368. — due  16.  Par- 
tial fracture  of  shaft  of  femur 
by  machine-gun  bullet. 


Fig.    369. — Cttse    21.     High -explosive    fragment    lodged    in 
internal  condyle  of  femur  posteriorly. 


Fig.  370. — Case    24.     High-explosive   fragment   found   loose   in  joint 
at  operation. 
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Fig.  371. — Case  26. Ti  Large' high-explosive 
fragment  lying  in  internal  condyle  of  femur. 
B.I. P.P.  in  superficial  track. 


Fig.  372. — Case  46.  Fracture  of  patella 
by  a  large  high-explosive  fragment.  The 
missile  has  been  removed. 


Fig.  373.— Case  61. 
Large  high  -  explosive 
fragment  lodged  in  in- 
tercondylar notch. 


Fig.  374.— C'flwe  55. 
Fracture  of  patella  and 
both  cojidyles  by  high- 
explosive  fragment. 


Fig.  376.— Case  56. 
Fracture  of  outer  head 
of  tibia  by  rifle  bullet. 


1 
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Fig.  376. — C<iae  57.  Fracture  of  patella 
by  revolver  bullet,  showing  bullet  and  many 
fragments  of  lead  in  joint. 


Fig.  2.11.— Case  79.  Re- 
section of  joint  after  high- 
explosive  shell  wound. 


Fig.  378. — Case  01.  Fracture  of  tibia  by  high-explosive 
fragment  which  traversed  the  joint  and  lay  deeply  in  the 
outer  head.  The  left-hand  illustration  shows  the  joint 
after  removal  of  the  fragment  and  before  resection,  the 
right-hand  one  the  joint  after  resection,  and  the  outward 
displacement  of  the  femiu:  which  followed  it. 


Fig.  219.  — Case  82. 
Complete  fracture  of 
external  condyle  by 
high  -  explosive  frag- 
ment. 


VOL.   V. — NO.   19. 
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PARTICULARS 


Cask 
Ko. 


Date  of 

WOUND 


Nature  of  Injiuy 


OIWANISMS 
FOUND 


tkkatmknt  at 
Casualty  Clkarino  station 


23.3.17 


28.2.17 


14.2.17 


21.3.17 


20.3.17 


28.3.17 


28.3.17 


27.3.17 


High  -  explosive 
fragment  the 
size  of  a  split 
pea 

Rifle  bullet 


Rifle  bullet 


High-explosive 
shell 


High-explosive 
shell 


High-explosive 
shell 


High-explosive 
shell 


High-explosive 
shell 


10 


31.3.17 


9.4.17 


High-explosive 
shell 


High-explosive 
shell 


Fragment  entered  to  the  outer  side 
of  the  left  patella,  traversed  the 
suprapatellar  poueh,  and  lay  in  the 
quadriceps 

Foul-smelling  transverse  woimd ,  lay- 
ing open  the  front  of  the  right  knee- 
joint  and  fracturing  the  i)atella. 
Much  pus  in  the  cancellous  tissue 
of  the  patella  and  in  the  joint 

Through-and-through  wound.  En- 
trance 1  in.  above  and  to  the  inner 
side  of  the  left  patella.  Exit  to 
outer  side  of  popliteal  space. 
Severe  comminution  of  femur  above 
condyles.     (See  Fig.  363) 

Through-and-through  wound  of  left 
supra-patellar  pouch.  Entrance 
above  and  to  outer  side  of  patella. 
Exit  through  biceps  femoris 

Penetrating  wound,  outer  side  of  left 
knee.  Fragment  lying  in  supra- 
patellar pouch 


Large  fragment  perforated  the  right 
external  condyle,  traversed  the 
joint,  and  lodged  in  the  inner  head 
of  the  tibia.     (See  Fig.  364) 


Fragment  entered  right  suprapatel- 
lar poueh  externally 


Large  entry  wound,  8  in.  long,  on 
outer  side  of  right  thigh.  Frag- 
ment lay  on  internal  condyle. 
Large  tear  of  joint  capsule 


Entrance  above  and  to  inner  side  of 
right  patella,  entering  joint,  expos- 
ing cancellous  tissue  of  internal 
condyle  and  of  the  inner  head  of 
the  tibia.     (See  Fig.  36.5) 

Entrance  wound  at  level  of  centre 
of  right  knee-joint  externally. 
High-explosive  fragment  lodged  in 
outer  head  of  tibia,  traversing  joint 
and  cartilage  on  its  way.  (See 
Fig.  366) 


Strepto- 
cocci 


Strepto- 
cocci 


Strepto- 
cocci 


Wound  excised.  Joint  irrigated 
and  closed.  Fragment  not 
found.  B.I. P. P.  applied.  Wound 
closed 

Salt  pack 


Back  splint 


Track  excised.     Entrance  wound 
sutured.     Exit  woimd  packed 


Wound  excised.  Foreign  body 
removed.  Joint  lavage.  Su- 
ture of  capsule.  B.I. P.P.  ap- 
plied.    Skin  suture 

Wound  of  entrance  excised, 
external  condyle  trimmed,  and 
fragment  removed  from  inner 
head  of  tibia.  Joint  lavage  and 
treatment  of  wound  with 
B.I. P.P.     Complete  closure 

Wound  excised.  Fragment  re- 
moved. Eusol  lavage.  Capsule 
sutured.  B.I. P. P.  applied.  Skin 
closure 

Large  area  of  vastus  externus 
and  quadriceps  excised  for  gas 
gangrene.  Counter-incision 
made  over  internal  condyle. 
Fragment  removed.  Drainage 
tube,  h  in.  in  diameter,  passeil 
through  the  joint.  Massivt* 
salt  pack  applied 


Excision    of    wound.     Condyle 
laid  bare.     Salt  pack 


Nil 
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OF     CASES. 


HKi  KllT  OF 
WDUXD  TO 
( >!'EIUTIOS 


Treatment  at  Base 


COMPUCATIOSS 


COXDITIOS    ox    EVACIATION 


Resilt 


>iime  day 


Six  davs 


Extension      and 
splint  applied 


Thomas 


6.3.17.  Resection  of  the 
patella.  Operation  area 
douched  with  saline.  15 
gr.  of  B.I.P.P.  applied. 
Partial  suture 

Thomas  splint  and  exten- 
sion applied 


NU 


24.3.17.  Small  ex- 
tension abscess  in 
vastus  extemus 


Nil.     Sequestra  re- 
moved in  England 


Same  dav      Pack  removed 


">ame  day 


One  day 


10.4.17.  No  effusion.  Tem- 
perature normal.  Wound 
healed.     Fragment  in  silu 


24.4.17.  Wound  granula- 
ting. No  discharge.  No 
effusion.  Temperature  and 
pulse  normal 


15.4.17.  Bony  union  in 
good  position.  Wounds 
still  discharging 


8.4.17.  No  effusion.  Wounds 
granulating.  Suture  line 
healed.  Temperature  nor- 
mal 


NU 


Extension  applied 


Nil 


Nil 


^One  day       14.4.17.        Abscess  outside     Extensive  abscess  in 
the  joint  opened  vastus  externus 


le  day 


day 


four  days 


Salt  pack  removed.  Large 
quantity  of  pus  tracking 
in  every  direction. 

3.4.17.  Operation.  Wounds 
cleansed.  Carrel's  tubes 
placed  in  position. 

25.4.17.  Counter-opening 
on  inner  side  of  thigh  for 
continued  suppuration 

Pack  removed.  Carrel- 
Dakin  treatment  for  three 
weeks 


13.4.17.  High-explosive 

fragment  removed.  Cavity 
treated  with  B.I.P.P. 

16.4.17.  Resection  of  knee- 
joint 


Through-and 
through  wound  of 
right  loin.  Col- 
lapse of  both  lung 
bases 


Nil 


Nil 


8.4.17.    Wound  healed, 
effusion 


No 


Wound  healed  by  first  inten- 
tion. Temperature  and 
pulse  normal 


18.4.17.  No  effusion.  Wound 
granulating.  Temperature 
normal 


18.5.17.     Wounds  granula- 
ting. Temperature  normal 


7.5.17.    Wound  granulating. 
Temperature  normal 


11.5.17.  Wound  healed  ex- 
cept at  external  extremity 
of  incision.     Bonv  union 


Stiff  knee 


Can   flex   knee 
right  angle 


to    a 


6.6.17.  Some  mobil- 
ity of  joint.  Walking 
without   crutches 


27.8.17.     Stiff   knee. 
Walking  well 


Wound  healed.  Mo- 
bility to  40''.  Walks 
well 


19.7.17.  Ankylosed 
knee.  Good  result. 
Still  using  crutches. 

4.9.17.  Walking  with- 
out crutches 


Covtinued  on  next  page. 
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PARTICULARS     OF 


Casb 

XO. 


Date  of 

WOUKD 


MISSILE 


Nature  op  Injury 


organisms 
Found 


Treatment  at 
Casualty  Clearing  station 


11 


12 


9.4.17 


9.4.17 


13 


9.4.17 


14 


15 


16 


17 


11.4.17 


14.4.17 


28.4.17 


14.4.17 


18 


19 


29.4.17 


28.4.17 


High-explosive 
shell 


Machine-gun 
bullets 


High-explosive 
shell 


High-explosive 
shell 


High-explosive 
shell 


Machine-gun 
bullet 


Machine-gun 
bullet 


Rifle  bullet 


Shrapnel  ball 


Large  spear-shaped  fragment  perfor- 
ated right  knee-joint  just  below 
patella,  and  remained  protruding 
through  skin.  Removed  at  field 
ambulance 

Right  knee  :  entrance  wound  below 
and  behind  head  of  fibula  ;  exit 
wound  in  front  of  the  internal  con- 
dyle ;  fracture  of  condyle,  and  joint 
traversed.  Left  knee  :  through- 
and -through  anteroposterior  wound, 
entrance  anteriorly  ;  fragments  of 
head  of  fibula  blown  out  through 
posterior  wound  ;  left  knee-joint 
not  involved,  unless  through  com- 
munication with  fibular  articulation 

Large  irregular  gangrenous  wound 
over  left  knee-joint,  with  patella 
completely  divided  and  lying  in  a 
pool  of  pus.     (See  Fig.  367) 


Capsule  of  left  knee-joint  torn  by 
fragment  of  high-explosive  shell 
which  penetrated  ligamentum 
patellae.  Fragment  fell  out  after 
tearing  capsule 

Entrance  wound  behind  head  of  right 
fibula.  Exit  external  to  patella 
anteriorly.  Laceration  of  external 
condyle. 

Entrance  and  exit  wounds  of  right 
suprapatellar  pouch.  Femur  frac- 
tured in  its  inner  half  but  without 
complete  loss  of  continuity.  (See 
Fig.  368) 

Anteroposterior  penetrating  wound 
of  left  femur  above  condyles,  with 
two  fissures  radiating  upwards. 
Entrance  1  in.  above  patella  ;  exit, 
popliteal  space  at  same  level. 
Suprapatellar  pouch  involved 

Entrance  wound  just  above  left 
patella  near  mid-line.  Bullet  lodged 
in  shaft  of  femur 


Entrance  wound  to  outer  side  of  left 
knee.  Ball  traversed  joint  and 
lodged  deeply  in  external  condyle 


Staphylo- 
coccus 
aureus 


Strepto- 
cocci 


Sterile 
effusion 


Exudate 
sterile 


Strepto- 
cocci 


Joint     opened     and     fragment] 
searched  for  (through  an  error).  | 
Formalin  and  glycerin  injected. 
Skin  sutured 


Salt  packs  and  excision  of  track. 
B.I. P. P.  to  internal  condyle. 
Wound  packed.  Remainder  of 
wound  sutured.  B.I.P.P.  ap- 
plied to  fractured  remains  of 
head  of  left  fibula.  Pack  ap- 
plied 


Salt  pack 


Splinting 


(Notes  lost.)  Anterior  exit 
wound  excised  and  sutured, 
evidently 


Wounds     excised.       Capsule 
sutured.  Entrance    wound 

closed.     Exit     wound     packed 
down  to  bone 


Splinting 


Splinting 


Nil 
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CASES — continued. 


time  prom 
Receipt  ok 
WorsD  TO 

ll('FK\TIOS' 


Treatment  at  Base 


COMPUCATIOSS 


C50KDmOjr  ON 
BVACTATIOS 


Hyperchlorous  washing  after 

Copious      purulent 

7.5.17.     Small  sinus.   Tem- 

25.8.17. Mobile  joint. 

removal  of  stitches 

exudate 

perature  normal 

Walks  well. 
19.9.17.     •'  Will  be  fit 
for    service    in    two 
months  " 

21.4.17.    Salt  pack  replaced, 

NU 

30.4.17.       Wound    healed. 

.  — 

and  again  on  26.4.17 

excepting  track  to  internal 
condyle     where     fracture 
lies.        Temperature  nor- 
mal.    No  effusion 

Resection  of  patella.    Gan- 

Chronic suppuration 

28.5.17.     Wounds  granula- 

28.8.17.     Knee   stiff. 

grenous      tissue     excised. 

about  suture  line 

ting.  Temperature  normal 

Is  walking  well 

Pus  swabbed  out  of  joint 

and  eusol  douche  used.   15 

gr.   of    B.I.P.P.    applied. 

Partial  suture 

Wound  excised.     B.I.P.P., 

High-explosive  frag- 

30.4.17.    No  effusion. 

12.9.17.  Some  degree 

gr.   15,    placed    in    joint. 

ment  removed  from 

Wound  healed 

of     mobility.      Still 

Capsule  sutured.     Wound 

cavity  in  left  ham- 

under treatment 

closed 

strings 

NU 

Ejitrance  and  exit 

26.4.17.     No  effusion. 

3.9.17.  •'  Very  limited 

wounds      of     left 

Wound  healed 

movement  in  knee  ; 

thigh 

- 

a  useful  limb  " 

Repacked 

NU 

10.5.17.     Wound   granula- 
ting.    No  effusion 

— 

NU 

20.4.17.     Temperature  nor- 

3.8.17.    A     perfectly 

mal.     No  effusion 

mobile  knee  -  joint. 
No  shortening  of 
limb.  Re-classified 
C3 

Operation  performed  owing 

25.5.17.  Wound  healed.  No 

24.8.17.     Good  mov- 

to    a;-ray     error.     Bullet 

effusion.    Temperature  nor- 

able joint 

reported  in  joint,  whereas 

mal 

it    was    in    femur.     Joint 

closed.  Bullet  not  removed 

1.5.17.          Ball     removed. 

Patient    developed 

Stump  clean 

Amputation 

Cavity  cleansed.    B.I.P.P. 

confusional  insan- 

applied.    Partial  suture. 

ity    with    melan- 

7.5.17.    Resection  of  joint. 

cholia.      Amputa- 

24.5.17.    Amputation 

tion  was  done  be- 
cause he  was  con 
sidered  to  be  a  bad 
subject     for     the 
lengthy  treatment 
which  a  resection 
necessitates 

C<nUintted  w   next  pnge- 
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PARTICULARS     OF 


Case 
NO. 


Date  op 
Wound 


Xatukk  of  Injuky 


Organisms 

FOIWD 


Trkatment  at 
Casualty  Clkarimq  Station 


20 


15.4.17 


High-explosive 
shell 


21 


3.5.17 


22 


23 


24 


25 


26 


27 


28 


29 


3,5.17 


3.5.17 


9.5.17 


5.5.17 


High-explosive 
shell 


Rifle  bullet 


High-explosive 
shell 


High-explosive 
shell 


High-explosive 
shell 


9.5.17     i    High-explosivQ 
shell 


9.5.17 


High-explosive 
shell 


3.5.17        High-explosive 
shell 


19.5.17       High-explosive 
shell 


Large  laceration  to  outer  side  of 
right  knee-joint.  Condyle  and 
patella  exjiosed.  Multiple  wounds 
in  calf 


Entrance  wound  to  inner  side  of  left 
internal  condyle.  High-explosive 
fragment  the  size  of  a  shilling  lying 
in  joint  behind  internal  condyle, 
which  had  its  cartilage  torn.  (See 
Fig    369) 


Entrance  wound  below  and  internal 
to  inner  head  of  left  tibia.  Tra- 
versed head  of  left  tibia  and  found 
exit  via  ligamentum  patella  ;  joint 
penetrated 

Large  area  of  skin  removed  on  outer 
side  of  right  knee-joint  by  high- 
explosive  fragment.  Vastus  ex- 
ternus  lacerated.  Joint  penetrated 
by  a  tear  of  the  capsule 

Entrance  wound  to  outer  side  of 
right  knee  1  in.  above  head  of 
flbula.  Large  fragment  lying  pos- 
terior to  external  condyle.  (See 
Fig.  370) 

Severe  compound  fracture  of  left 
patella  with  penetration  of  joint 


Entrance  wound  internal  to  centre 
of  left  patella  the  size  of  a  sixpence. 
Large  high-explosive  fragment  lying 
deep  in  internal  condvle.  (See 
Fig.  371) 

Through-and-through  wound  of  left 
knee,  with  compound  fracture  of 
outer  articular  half  of  external  con- 
dyle 

Minute  wound  to  inner  side  of  left 
patella.  High-explosive  fragment 
lying  in  joint 


Wound  to  inner  side  of  right  knee. 
Fragment  lying  in  infrapatellar 
pouch  to  outer  side  of  joint 


Strepto- 
cocci 


Strepto- 
cocci 


B.  per- 
fringens 


Effusion 
sterile 


Carrel-Dakin,  but  the  fact  thai 
the  joint  was  involved  was  no| 
appreciated 


Nil 


Nil 


Wound  cleansed.    Penetration  ol 
knee-joint  not  discovered 


Nil 


Resection  of  patella.     Irrigation 
of  joint.     Salt  pack 


Packing  placed  in  track  with 
B.I. P.P.  No  operative  procc 
dure 


Excision  of  track.  B.I.P.P 
placed  in  joint.  Suture  o 
capsule.     Wound  closed 


Removal  of  high-explosive  fra^ 
ment.  Joint  treated  with  2  pei 
cent  formalin  and  glycerin 
Capsule  sutured.    Wound  cloBCf 

Joint  opened  widely.  Foreigr 
body  removed.  Saline  douche 
B.I.P.P.    applied.  Capsul.^ 

sutured.     Skin  closure 
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CXSES— continued. 


FROM 

I  IT  OK 


TRKATMEXT  AT   BASK 


COJfFUCATIONS 


COXDmOX  ON 
EVACIATIOX 


days 


(lavs 


Bnie  dav 


liree  days 


le  dav 


ro  davs 


18.4.17.  Multiple  incisions 
in  calf.  High -explosive 
fraament  removed.  Carrel- 
Daldn  treatment  con- 
tinued. 

4.5.17.     Resection. 

23.5.17.     Amputation 


Removal  of  high-explosive 
fragment  through  pos- 
terior incision.  B.I.P.P., 
gr.  15,  placed  in  joint. 
Capsule  sutured .  Original 
wound  excised 


Splinting 


8.5.17.  Lateral  incisions 
into  joint,  and  eusol  wash. 
B.I.P.P.,  gr.  15,  placed  in 
joint. 

10.5.17.    Resection  of  joint 

Removal  of  foreign  lx)dy. 
B.I.P.P.,  gr.  15,  placed  in 
joint.  Suture  of  capsule. 
Wound  closed 


19.5.17.  Carrel-Dakin  treat- 
ment .  Counter-incision  at 
apex  of  Scarpa's  triangle 

High  -  explosive  fragment 
removed.  Ca\ity  in  con- 
dyle cleansed.  B.I.P.P., 
gr.  15,  applied.  Suture  of 
capsule  and  of  wound 

Nil 


NU 


|Same  day     Splint        and        extension 
applied 


Necrosis  of  the 
bared  shaft  of  the 
femur  was  the 
groimd  for  ampu- 
tation ;  possibly  a 
wider  removal  of 
the  femur  might 
have  been  success- 
ful 

NU 


Stump  healed 


3.6.17.  Secondary 
abscess  in  supra- 
patellar |)ouch 


NU 


Lacerated  wound  of 
left  deltoid  and 
biceps;  also  wound 
of  face 


Superficial  wounds 
of  left  chest  and 
buttock 


Nil 


Nil 


Amputation 


31.5.17.  Temperature  nor- 
mal. No  effusion.  Wound 
healed 


9.5.17. 
mal. 


Temperature  nor- 
No  effusion 


6.7.17.  Bony  union.  Wounds 
granulating 


28.8.17.  Is  walking. 
Some  mobility.  Still 
having   massage. 

12.9.17.  "He  has  a 
good  mobile  knee- 
joint,  but  not  per- 
fect " 

Flexion  to  a  right 
angle.  Good  fimc- 
tional  limb.  Is  back 
with  his  regiment 


12.9.17.  Is  walking, 
but  still  uses  sticks. 

10  10.17.  Is  walking 
well  without  aid 


7.6.17.    Wound  healed.  No     28.8.17.    Mobile  knee, 
effusion.  Temperature       but  still  on  crutches 

normal  j 


17.6.17.    Wounds  granula-      Stiff  knee 
ting.  Temperature  normal 


8  6.17.   Wound  healed.   No 
effusion.  Temperature 

normal 


6.6.17.    Wound  healed.    No 
effusion.  Temperature 

normal 


28.5.17.  Wound  healed. 
No  effusion.  Temperature 
normal 


14.6.17.       Wound    healed.  |  Developed       femoral 
No  effusion.    Temf>erature  I     thrombosis         after 


normal 


first       massage      ir 
England. 
3.9.17.      StUl  in  bed 


Continued  oh  next  page 
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PARTICULARS     01 


Case 

NO. 


Datb  of 
Wound 


Nature  op  injury 


Organisms 

F0UN1> 


Treatment  at 
Casualty  clearing  station 


30 


31 


32 


25.5.17       High-explosive 
I  shell 


28.5.17    j    High-explosive 
fragment,  3in. 


2.6.17     :      Machine-gun 
I  bullet 


33        3.6.17 


34 


35 


High-explosive 
shell 


28.2.17    !    High-explosive 
I  shell 


High-explosive  fragment  traversed 
left  patella,  fracturing  the  external 
condyle  and  outer  head  of  tibia 


Ligamentum  patella;  and  joint  cap- 
sule torn.  Fragment  fell  on  the 
ground 

Through-and-through  woimd  of  right 
knee-joint,  traversing  both  condyles 
and  causing  a  fissured  fracture  into 
the  joint 


High-explosive  fragment  the  size  of 
a  pea  lay  in  left  suprapatellar 
pouch.  Entrance  wound  above 
and  outside  left  patella 


Multiple  wounds  of  left  thigh,  both 
buttocks,  both  legs,  both  knee- 
joints.     All  wounds  small 


13.12.16      High-explosive    |  Multiple  minute  penetrating  wounds     Strepto- 
shell  about  left  knee-joint  cocci 


36        4.2.17        High-explosive 
shell 


37 


8.2.17 


38       10.2.17 


39        8.2.17 


40  (?) 


High-explosive 
shell      " 


High-explosive 
shell 


Bullet 


Shrapnel  ball 


Compound  fracture  of  left  internal 
condyle  involving  joint 


High-explosive  fragment  penetrated 
left  knee-joint,  fracturing  patella 
and  lying  in  head  of  tibia 


Entrance  wound  to  inner  side  of  left 
knee-joint.  Fragment  lying  pos- 
tero-internally  to  internal  condyle 


Through-and-through  wound  of  supra- 
patellar pouch,  with  compound 
fracture  of  right  femur 


Entrance  wound  1  in.  above  centre 
of  right  patella.  Shrapnel  ball 
lying  at  level  of  joint  centre  under 
external  lateral  ligament 


Diph- 
theroid 
bacillus 


Effusion 
sterile 


Nil 


Nil 


External  wound  excised.  Late  ru 
meniscus  removed.  Damage^ 
bone  chiselled  away.  Patcll 
removed.  Area  treated  wit 
B.I.P.P.  Pack  externally.  He 
mainder  of  wound  closed 

Wound  excised.  Track  treatci 
with  B.I.P.P.  and  sutured 


Entrance  wound  excised  dow 
to  bone.  Joint  washed  out  am 
closed.  Area  treated  wit 
B.I.P.P.  Exit  wound  packei 
down  to  bone 

Nil 


Nil 


Splinting.    This  case  was  treate 
by  aspiration  and  by  injectio 
of  iodoform  and  glycerin  up 
26.12.16 

Joint  washed  out  with  salin 
Comminuted  bone  remove 
Capsule  sutured.  Salt  pa< 
down  to  fracture 

Joint  washed  out  with  eusc 
Capsule  sutured  after  remov 
of  foreign  body.  Salt  pat 
down  to  tibial  wound 

Joint  explored.  Foreign  bo< 
not  found.  Eusol  and  eth 
wash  out.  Suture  of  capsul 
Wound  closure 


Wounds  enlarged 


Splint  applied 
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)ASES — con  t  in  ued. 


Treatmkxt  at  Base 


COMPUCATIOjra 


Coxnrnox  ox 

EVACIATIOX 


BBSui/r 


31.5.17.     Plug  removed. 

16.6.17.  Dead  bone  re- 
moved from  head  of  tibia 
and  condyle. 

18.6.17.     Amputation 


Splint    and    extension 
plied 


Repacked 


ap- 


Chronic  osteomyel- 
itis of  shaft  of 
femur,  necessitat- 
ing amputation 


Nil 


Nil 


High  -  explosive     fragment  i  13.6.17.  An  abscess 


removed.       Joint  washed 
out.  B.I.P.P.,  gr.  15, 

applied.    Capsule  sutured. 
Skin  closure 

4.3.17,  5.3.17,  and  8.3.17. 
Multiple  incisions  for  gas 
gangrene.  Both  joints 
aspirated 


26.12.16.  Posterior  and 
lateral  drainage.  Carrel- 
Dakin  treatment. 

19.1.17.     Resection  of  joint 

Thomas  splint  and  exten- 
sion applied 


Thomas  splint  and  exten- 
sion applied 


NU 


26.2.17.  Wounds  further 
enlarged.  Carrel-Dakiu 
treatment  of  joint 


Shrapnel  ball  removed. 
Joint  treated  by  Camp- 
bell's method  of  posterior 
drainage  and  with  Carrel- 
Dakin  solution 


outside  the   joint 
was  opened 


B.  perfringens  in- 
fection of  the  flesh 
wounds 


Stump  healed 


NU 


Nil 


Nil 


Entrance  and  exit 
wounds  posterior 
cervical  region. 
Foreign  body  in 
situ 

Prolonged  sepsis 


Nil 


29.6.17.  Temperature  nor- 
mal. No  effusion.  Wound 
granulating 


No  effusion, 
granulating 


All  wounds 


7.3.17.      Wounds  granula- 
ting. Temperature  normal 


8.3.17.  Wound  granulating. 
No  effusion.  Temperature 
normal 


All  wounds  healed 


Wound  healed.       Temper- 
ature normal.    No  effusion 


Wounds  granulating.  Bony 
union.      No  effusion 


Wounds  healed.      No  effu- 
sion.    No  temperature 


Amputation 


12.6.17.  Wound  healed. 
Temperature  normal.  No 
effusion 

25.6.17.  No  effusion.  Pack 
still  in  outer  portion  of 
wound.  Suture  line  healed 
elsewhere 


Mobile  joint.  Wears 
a  bandage,  but  walks 
very  well 


Right  thigh  ampu- 
tated in  England. 
Still  in  hospital.  No 
report  as  to  reason 
for  amputation 

10.10.17.  Back  at  old 
emplovTnent.  Walks 
well.  Two  inches  of 
shortening 


12.8.17.  Fair  mobil- 
ity. Doing  light 
duty  with  reserve 
battalion 


12.7.17.  Good  result. 
Flexion  to  a  right 
angle.  Doing  duty 
with  reserve  bat- 
talion 


Contimttd  on  next  page. 
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PARTICULARS     01 


Cask 
Ko. 


Date  or 
Wound 


XATIKE  op  INJIRV 


orgamsms 
Pound 


Trkatmrnt  at 
Casualty  Clearing  station 


41 


42 


43 


44 


45 


46 


47 


48 


40 


50 


51 


52 


53 


7.6.17     !    High-explosive 
shell 


7.6,17 


7.6.17 


3.6.17 


24.4.17 


8.6.17 


2.6.17 


6.6.17 


7.6.17 


8.6.17 


8.6,17 


14.6.17 


14.6.17 


Shrapnel  ball 


Shrapnel  ball 


High-explosive 
shell 


High-explosive 
shell 


High-explosive 
shell 


High-explosive 
shell 


Shrapnel  ball 


Shrapnel  ball 


Rifle  bullet 


High-explosive 
shell 


High-explosive 
shell 


Rifle  bullet 


I^arge  lacerated  area  of  muscle  laid 
open  on  inner  side  of  right  knee- 
joint.  Wound  of  chest  wall,  and 
compound  fracture  of  left  clavicle 


Entrance  wound  in  centre  of  left 
popliteal  space.  Ball  lodged  in 
internal  condyle 

Entrance  wound  outside  and  below 
left  patella.  Shrapnel  ball  lying 
to  inner  side  of  joint 

Many  minute  fragments  in  right 
knee-joint,  right  ankle-joint,  and 
leg 


Compound  fracture  of  right  patella, 
with  separation  of  fragments. 
Compound  fracture  of  left  tibia  and 
fibula.     J'lesh  wounds  of  left  thigh 

Compound  fracture  of  right  patella, 
with  penetration  of  a  large  high- 
explosive  fragment.    (See  Fig.  372) 

Through-and-through  wound  of  right 
suprapatellar  pouch 


Entrance  below  and  internal  to 
right  patella.  Exit  in  region  of 
adductor  tubercle 

Entrance  wound  below  and  to  outer 
side  of  the  right  patella.  Ball 
traversed  joint  and  lay  in  vastus 
externus  at  a  higher  level 

Entrance  wound  2  in.  above  upper 
border  of  left  patella  in  mid-line. 
Exit  at  a  level  3  in.  lower  and 
slightly  internal,  in  the  popliteal 
space.     X  rays  show  nil 

Entrance  wound  internal  to  centre 
of  left  patella.  Large  high-explo- 
sive fragment  buried  deeply  in 
intercondylar  notch.    (See  Fig.  373) 

Through-and-through  wound  to 
inner  side  of  right  knee,  penetrating 
the  capsule  and  causing  wound  of 
internal  condyle  outside  joint 

Through-and-through  wound  of  left 
suprajiatellar  pouch 


Strepto- 
cocci 


Effusion 
sterile 


Effusion 
sterile 


Effusion 
sterile 


Effusion 
sterile 


Effusion 
sterile 


Effusion 
sterile 


B.  per- 
fringens 


Effusion 
sterile 


The  tear  of  the  capsule  was  tk 
observed  at  the  casualty  clca 
ing  station.  Large  area  i 
tissue,  6  in.  x  4  in.,  over  inn^ 
side  of  joint  was  excised,  :ir 
B.I.P.P.  applied 

Nil 


Ball  removed.  Joint  irrigate 
Capsule  sutured.  Entran 
wound  excised 


Several  fragments  removed  fro 
knee-joint,   one    from    head 
tibia,    and    one    from    head 
fibula.     Wounds  left  open 


Suture  of  patella, 
treatment 


Carrel-Dak 


Foreign  body  removed.  Joi 
washed  out  with  eusol.  Capsi 
sutured.     Pack  down  to  pate 


Wounds  enlarged, 
treatment 


Carrel-Dai 


Excision 
notes 


of    wounds  (?). 


Nil 


Nil 


Nil 


Wounds  excised.  Joint  irrigaJ  1 
Capsule  sutured.  B.I.P.P.  f 
bony  lesion 

Thomas  splint  and  extension 


li 
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\SES — contin  tied. 


TREATUEXT  AT   BaSP: 


COMPUCATIOXS 


COXDITIOX  OS 
EVACIATIOX 


0  opora- 
nat  base) 


hours 


12.6.17.      Joint  opened  on      Duodenal         ulcer. 

either     side     of     patella.        Haemorrhage 

Flavine  irrigation. 
15.6.17.        Amputation   of 

thigh 


Splint  and  extension  applied 


Nil 


!   day    [  Carrel-Dakin  treatment 


mr  liouib     Continuation      of     Carrel- 
Dakin  treatment 


hours     Packs  re-applied 


days  ;  Continuation      of     Carrel- 
out)     ■     Dakin  treatment 


If?)  j  Splint    and    extension   ap- 

plied 


days  10.6.17.  Shrapnel  ball  re- 
moved. Cavity  excised 
and  treated  by  B.I.P.P. 
Suture 

Splint    and    extension    apr 
plied 


o  days      10.6.17.    Resection  of  joint 


Twelve 
hours 


Nil 


Nil 


Nil,  except  that 
foreign  body  is  in 
situ 


30.6.17.  Temperature  nor- 
mal. No  effusion.  Ball 
IN  situ 


19.6.17.     Death 


Nil  28.6.17.       Wounds  healed,  i  28.8.17.       Some  mo- 

No  effusion.    Temperature       bility.    Still  on  mas- 


normal 


Mild    se{)sis    of   all      27.7.17.        Wounds  granu- 
wounds  j     lating.     Normal  tempera- 

t.iirp 


Nil 


Nil 


NU 


NU 


Nil 


Nil 


Nil 


18.6.17.     Wounds  granula- 
ting 


26.6.17.  Wound  granula- 
ting. No  effusion.  Tem- 
perature normal 

30.6.17.  Wounds  granula- 
ting. No  effusion.  Tem- 
perature normal 

26.6.17.  No  effusion.  Tem- 
perature normal.  Wounds 
healed 

20.6.17.  Wound  healed.  No 
effusion.  Temperature 

normal 


26.6.17.  No  effusion.  Tem- 
perature normal.  Wounds 
dry 


31.7.17.  Good  bony  union . 
Wound  healed.  Tempera- 
ture normal 


1.7.17.  No  effusion.  Wound 
healed.  Temperature  nor- 
mal 


26.6.17.  No  effusion.  Tem- 
perature normal.  Wounds 
healed 


sage, 
well 


but    walking 


12.12.17.        Walking, 
but  knee  is  stiff 


3.9.17.  Subsequently 
the  patella  necrosed. 
Knee  stiff 


28.8.17. 
knee. 


Good  mobile 
Walks  well 


9.9.17.  Walking  with 
crutches 


29.8.17.    Good  mobile 
knee-joint 


Continued  on  next  -pnije. 
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PARTICULARS     4 


Casb 
No. 


Date  op 

WOUND 


MISSILE 


Xatcre  op  Injury 


oimjanisms 
Found 


Treatment  at 
CASUALTY  Clearing  Station 


54 


5G 


57 


18.6.17 


13.6.17 


7.6.17 


29.6.17 


58       26.6.17 


.59  !    27.6.17 


High-explosive 
shell 


High-explosive 
shell 


Rifle  bullet 


Revolver  bullet 


60 


61 


62 


1.7.17 


9.7.17 


5.7.17 


High-explosive 
shell 


High-explosive 
shell 


High-explosive 
shell 


High-explosive 
shell 


High -explosive 
shell 


Entrance  wound  in  left  popliteal 
space  1|  in.  internal  to  centre. 
Fragment  the  size  of  a  pea  lying 
anteriorly  over  internal  semilunar 
cartilage 

Penetration  of  left  knee-joint,  with 
compound  fracture  of  patella  and 
both  condyles.     (See  Fig.  374) 


Entrance  wound  to  outer  side  of 
right  patella.  Exit  low  in  popliteal 
space.  Fracture  of  outer  head  of 
tibia.     (See  Fig.  375) 


Entrance  wound  fracturing  left 
patella  and  opening  joint.  The 
bullet  lay  below  and  outside  the 
patella.  Multiple  fragments  of  lead 
f)enetrated  the  joint.  (See  Fig. 
376) 


Entrance  wound  to  outer  side  of  left 
knee,  traversing  joint.  Two  small 
fragments  the  size  of  peas  lay  in  the 
external  condyle 


Wound  over  right  patella.  Com- 
pound comminuted  fracture  of  the 
patella.     Joint  opened  widely 

Multiple  minute  wounds  penetrating 
left  knee-joint,  right  eye,  legs, 
thighs,  face,  chest  wall,  and  left 
testicle 

Large  fragment  entered  external 
aspect  of  right  knee,  traversed  joint, 
and  lodged  deepiv  in  outer  head  of 
tibia.     (See  Fig.  378) 


Entrance  wound  to  outer  side  of 
right  knee-joint.  Joint  traversed. 
High  explosive  fragment  lying  in 
outer  condyle'  under  the  cartilage 


Staphylo- 
coccus 
albus 


Strepto- 
cocci 


Strepto- 
cocci 


Strepto- 
cocci 


Nil 


Splint 


Removal  of  foreign  body  a 
portion  of  external  cond^ 
Carrel-Dakin  treatment 


Joint   opened   by   anterior   ii 
sions   and    flushed   with   eii. 
B.I. P.P.    applied    and    caps 
sutured.      Posterior  wound 
larged 


Casualty  clearing  station  writ 
"  Wound  front  of  knee  exci 
and  enlarged.  Patella  foi 
to  be  comminuted.  Joint  i 
gated  with  saline,  ether  inject 
wound  sutured.  Counter-ii 
sion  in  popliteal  space  o 
round  movable  body  found 
be  sesamoid  in  biceps  " 

Entire    track    excised    down 
bone.     Injured     bone     gou^ 
away,   and    foreign    bodies 
moved.     B.I.P.P.   applied   a 
joint  capsule  sutured 

Toilet  and  suture.     B.I.P.P.  u: 


Joint  explored.  None  of  1 
minute  fragments  found.  Wou 
closed 


Fragment  removed.  B.I.P 
applied,  with  pack  into  head 
tibia 


Fragment 
cleansed. 
Capsule 
closed 


removed.         Cav 

B.I.P.P      appli 

sutured     and    wou 
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\SES — contiti  ued. 


TREATMENT  AT  BASE 


COXDinOS  OK 

Etaccahon 


Foreign  body  removed  by 
anterior  incision.  B.I.P.P. 
placed  in  the  minute  cav- 
ity in  the  joint.  Capsule 
sutured.     Wound  closed 


<iay  i  30.6.17.  Amputation  on 
account  of  general  ill  con- 
dition and  extensive  track- 
ing of  pus 


1.7.17.  Refiised  amputa- 
tion, so  Campbell's  poste- 
rior operation  performed. 

4.7.17.  Consented  to  ampu- 
tation. 0|)eration  per- 
formed    accordinglv. 

6.7.17.  650  c.c.  of  blood  by 
direct  transfusion. 

1 1 .7 . 1 7 .  Pyscmic  abscess  of 
left    knee-joint.  Joint 

opened  and  washed  out. 
B.I.P.P.,  gr.  15,   applied. 

17.7.17.  Pyjcmia  in  left 
shoulder-joint.  Similarly 
treated 


iuv  (lays  I  2.7.17.  Antero-extemal  in- 
1  cision.  Bullet  removed. 
I  Large  tear  found  in  cap- 
j  sule.  B.I.P.P.,  gr.  15, 
placed  in  joint.  Capsule 
sutured.  Minute  leaden 
fragments  not  searched  for 


NU 


Nil 


Splinting  and  extension. 
Enucleation  of  right  eye. 
Evacuation  of  abscess  in 
left  tunica  vaginalis 

13.7.17.     Resection  of  joint 


Extension  and  splinting 


NU 


Pj-aemia  in  left 
knee-  and  shoul- 
der-joints. Osteo- 
myelitis of  femur 
in  amputation 
stump 


Nil 


Nil 


Nil 


Abscess    in    supra- 
patellar pouch 


3.7.17.   Wound  healed.   No 
effusion  >  Temperature 

normal 


Stump  clean,  but  flaps  not 
sutured 


25.7.17.  Wound  healed. 
Temperature  normal.  No 
effusion 


27.8.17.      Full  move- 
ments of  joint 


Amputation 


20.7.17.     Death 


7.9.17.  Mobile  joint. 
Degree  of  flexion  in- 
creasing daily 


26.7.17.  Wound  healed. 
Temperature  normal.  No 
effusion 


27.7.17.  W^ound  healed.  No 
effusion.  Temperature 

normal 

30.7.17.  Wound  healed.  No 
effusion.  Temperature 

normal 


4.10.17.  Fibrous  union. 
Femur  has  slid  outwards 
on  the  tibia  slightly  (see 
Fig.  378).  Wounds  granu- 
lating, 

20.9.17.  Wound  healed.  No 
effusion, 
normal 


12.9.17.  Mobility  im- 
proving. Still  under 
treatment 


Temperature 


Continued  oh  next  pagt 
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PARTICULARS 


Cask 

NO. 

DATS  OF 
WOITITD 

MlSSILK 

Nature  of  Injury 

ORGANISMS 
FOUND 

Trkatment  at 
Casualty  clearing  station 

63 

7.7.17 

High-explosive 

Superficial   wounds  of  scalp,  wrist, 

Effusion 

High-explosive       fragment 

shell 

arms,  and  hands.     Large  fragment 

sterile  in 

moved  from  internal  condyk 

of     high-explosive     shell     entered 

both 

right  knee.        B.I.P.P.  appi 

internal  condyle  of  right  knee,  tear- 

knees. B. 

after    cleansing    cavity.     P. 

ing  the  capsule  ;   another  fragment 

perfrin- 

placed    in    situ.      .\mputat 

lay   external   to    capsule   of   right 

gens  in- 

of  toes    of    both   feet.      Ot 

knee.  Compoimd  fracture  of  toes  of 

fection  of 

wounds  cleansed 

right  foot.     Multiple  wounds  about 

wound 

left   knee  -  joint ;      several  minute 

outside 

fragments  in  the  joint.     Compound 

capsule  of 

fracture  of  toes  of  left  foot 

right  knee 

64 

11.7.17 

High-explosive 

Compound  fracture  of  right  patella. 

Sterile 

Foreign    body    removed.     .Jc 

shell 

High-explosive  fragment  tore  cap- 
sule and  lay  in  joint 

eflFusion 

washed  out  and  filled  w 
ether ;  B.I.P.P.  to  pate 
Suture  of  capsule  and  clos 
of  wound 

65 

1.3.17 

High-explosive 
shell 

Multiple    minute    fragments    pene- 
trating left  knee-joint 

— 

Nil 

66 

13.7.17 

Machine-gun 

Entrance  wound  above  and  to  outer 



Back  splint 

bullet 

side    of    centre    of    patella.     Exit 

f 

through  biceps  just  above  its  inser- 

tion.    Was  hit  while  kneeling.     No 

evidence  of  a  fracture.     No  a;-ray 

\ 

photograph 

67 

5.7.17 

High-explosive 

High-explosive     shell     wounds     of 

. . 

Foreign     bodies    removed    ISP 

shell 

back   of  neck.     Wounds    of   right 
leg  with  fracture  of  fibula  ;   wound 
of  right  knee  with  injury  to  exter- 
nal condyle  (furrowed)  ;    probably 
a  through-and-through  wound 

neck  and  leg.  None  foum! 
knee-joint.  Capsule  Mitii 
after  eusol  and  ether  \v. 
out.  B.I.P.P.  applied  out^ 
capsule.     Wound  sutured 

68 

15.7.17 

High-explosive 

Wound    over    internal    condyle    of 



Wound     excised.     B.I.P.P. 

shell 

right  knee-joint.     Capsule  opened. 
Two  minute  particles  in  condyle 

plied.  Knee-joint  not  thouj 
to  be  penetrated 

69 

24.7.17 

High-explosive 

Minute  perforations  of  right  supra- 



Joint  washed  out.     B.I.P.P. 

shell 

patellar  pouch 

plied.     Capsule  sutured.  Woi 

- 

excised 

70 

31.7.17 

Shrapnel  ball 

Entrance  wound  below  and  outside 
right  patella.     Ball  traversed  joint 
and  head  of  tibia,  and  lay  under 
the  skin  below  inner  head  of  tibia 

" 

Nil                        j 

71 

31.7.17 

Rifle  bullet 

Through-and-through  wound  of  right 

Effusion 

Back  splint                               | 

suprapatellar  pouch 

sterile 

1 

72 

31.7.17 

Shrapnel  balls 

Entrance  wound  of  right  knee-joint 
on   a  level  with  upper  margin  of 
patella;     ball    lodged    in    external 
condyle  ;      no   evidence     of    joint 
penetration.     Left     knee  :      Three 
wounds  of  entrance  clustered  above 
and  to  inner  side  of  patella  ;   three 
balls  lying  above  and  external  to 
patella  outside  joint ;  one  traversed 
suprapatellar  pouch,  possibly  two. 
Penetration  of  left  tibia,  ball  lying 

Nil                      J 

■«    1 

below  and  in  front  of  head  of  fibula 

1    1 
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CASES — continued. 


Treatment  at  Base 

i               COMPLICATIOXS 

CoxDmos  ox 

RESULT 

■  '.<  TO 

EVACIATIOX 

\riox 

Thirteen 

13.7.17.          High-explosive 

Severe  nephritis 

17.8.17.     Urine  60  to  70  oz. 

hours 

fragment    removed    from 
right    knee    region,    King 
outside    capsule.     Wound 
to    internal    condyle    en- 
larged.            Carrel-Dakin 
treatment     instituted     to 
this  wound 

No  albumin.      Some  effu- 
sion remains  in  left  knee- 
joint.    Right  knee,  no  effu- 
sion.      Track  to  internal 
condyle  remaujs  open 

1 

! 

sn  hours 

Splint    and    extension    ap- 

Nil 

30.7.17.    Teni|>erature  nor- 

23.8.17.   Good  mobile 

. 

plied 

mal.    Wound  healed.    No 
effusion 

joint.            Complete 
flexion 

- 

Nil 

Fragments  in  situ 

24.3,17.          Wounds     dr>'. 
Tem.  normal.    No  effusion 

— 

■ 

Thomas  splint  and  exten- 



23.7.17.        Slight  effusion. 



sion  applied 

Temperature  normal 

TCTt\c  (lay 

Nil 

— 

2Si.i.\l.    Temperature  nor- 
mal.       No  effusion 

— 

Sixteen 

Splint    and   extension    ap- 

Foreign   Ixxlies    in 

1.8.17.    No  effusion.    Tem- 

hours 

plied 

situ 

jjerature     normal.     Frag- 
ments in  situ 

fwenty 

Nil 



3.8.17.    Suture  healed.    No 



hours 

effusion.          Temperature 
normal 

iree  days 

Removal  of  shrapnel  ball 

5.8.17.         Sutures    still    in. 
Effusion  diminished.  Tem-   ^ 
perature  normal                      i 

^~" 

Thomas  splint  and  exten- 
sion applied 

Nil 

11.8.17.    Effusion  diminish- 
ed.     Temperature  normal 

— 

iree  days 

1 

Five  shrapnel  balls  removed. 
B.I.P.P.  applied  and 
wounds  left  open.      Joint 
treated  expectantly 

i 

1 

18.8.17.     Woimds  granula- 
ting. Temperature  normal. 
No  effusion 

Continued  im  next  pa^f 
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PARTICULARS     01 


Case 
No. 


Date  of 

WOUND 


Nature  op  Injury 


ORGANISMS 
FOUND 


Treatmknt  at 
Casualty  clearinu  station 


78 


75 


76 


31.7.17 


31.7.17 


5.8.17 


High-explosive 
shell 


High-explosive 
shell 


Shrapnel  ball 


Missile  traversed  left  suprapatellar 
pouch  and  entered  the  right  leg 
below  and  behind  the  abductor 
tubercle,  lodging  in  biceps  tendon 

Multiple  high-explosive  shell  wounds 
about  left  knee-joint.  One  small 
fragment  lies  in  joint 

Compound  fracture  of  right  patella. 
Shrapnel  ball  lodged  in  joint 


5.8.17     1    High-explosive    j  Small  fragment  penetrated  left  knee- 
shell  I     joint  just  external  to  ligamentum 
patella; 

77      31.7.17       High- explosive       High-explosive   fragment   lodged   in 
shell  I     patella.     Joint  opened 


78 


79 


31,7.17 


5.8.17 


High-explosive      Compound  comminuted  fracture  of 
shell  both  condvles  of  left   femur 


High-explosive 
shell 


Wound  outside  and  above  right 
patella.  Capsule  torn.  High-explo- 
sive fragment  lodged  in  external 
condyle 


80 


81 


82 


28.7.17 


23.7.17 


31.7.17 


B.  per- 
fringens 


High  explosive 
shell 


High-explosive 
shell 


High -ex  plosive 
shell 


Penetrating  wound  into  outer  head 
of  tibia,  involv-ing  joint  capsule 


Entrance  in  popliteal  space.  Frag- 
ment injured  articular  branch  of 
popliteal  artery  and  entered  joint, 
lying  behind  inner  head  of  tibia 


Entry  over  anterior  aspect  of  left  i  Strepto- 
extemal    condyle,   exit    at    centre  i      cocci 
of  popliteal  space  (complete  frac- 
ture of  condyle).     (See  Fig.  379) 


Nil 


Joint  explored  after  excision  < 
one  wound.  Nothing  fount 
Capsule  sutured.  Wound  closf 

Removal  of  the  ball  and  resectit 
of  patella.  Joint  closed  aft' 
treatment  with  formalin  ar 
glycerin.     Skin  suture 

Removal  of  foreign  body.  Trea 
ment  with  B.I.P.P;  Capsu 
sutured.     Wound  closed 

Block  excision  of  track  and  fra 
ment.  Joint  washed  out  wi 
saline  and  closed.  Wound  U 
open 

Resection  of  joint  and  suture 
operation  wound 


Casualty  clearing  station  open 
joint  to  inner  side  of  patella  ai 
failed  to  find  fragment.  Joil 
washed  out  and  treated  wi 
formalin  and  glycerin.  Capsi 
sutured.  Entrance  wound 
outside  then  explored.  Forei  | 
body  not  found 


High-explosive      fragment 
moved.       Cavity   treated   ^n 
B.I.P.P.  and  pack  applidl 

Clot  evacuated.  Artery  li 
tured.  Foreign  body  not  fon 
Wound  treated  with  B.I.I 
and   left  open 

Back  splint 
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ASES — con  tin  tied. 


P.OJI 

r  OP 

Treatmkxt  at  Ease 

COJIPUCATIOXS 

COXDmox  ox 

Bescu 

F,^.^l>  TO 

EVACUATIOX 

BATIOX 



Fragment     removed     from 
right        biceps        tendon. 
Wound  left  open 

— 

12.8.17.    Temperature  nor- 
mal.   Wounds  granulating 

— 

nthin 

Nil 

__ 

ao.8.17.    No  effusion.  Tem- 

_ 

renty- 

perature  normal 

r  hours 

rhrce 

Nil 



22.8.17.    Temperature  nor- 



lours 

mal.    Wound  healed.    No 
effusicm 

It  hours 

Nil 

— 

14.8.17.  No  effusion.  Tem- 
perature normal.   Stitches 
still  in 

— 

ir  hours 

Nil 

Nil 

20.8.17.    Temperature  nor- 
mal. Wound  granulating 

— 

hirty 

Posterior    ham-spUnt     ap- 

29.8.17.      Has  some  bony 

lOurs 

plied.  .Alinement  adjusted 

imion.     Slight  lateral  dis- 
placement    of     shaft     of 
femur  outwards 

IF  days 

9.8.17.      Removal  of  large 

Mixed  infection  fol- 

10.10.17.    Fibrous  union  in 



opera- 

fragment     from    external 

lowing  B.  perfrin- 

good  position 

on  at 
base 

condyle.     Capsule     found 
to  be  torn  the  whole  length 
of  the  suprapatellar  pouch 
externally.     Stitches  from 
casualty    clearing   station 
wound  removed,  and  long 
incision    made    in    vastus 
extemus.        Bony  ca\ity 
cleansed.  B.I.P.P!  applied. 
Wound  left  open. 

14.8.17.             Carrel-Dakin 
treatment. 

3.9.17.      Secondary'  suture, 
leaving  track  to  bonv  cav- 
ity. 

21.9.17.    Resection  of  joint 
(see  Fig.  377) 

gens 

•urteen 
MHirs 

7.8.17.     Repacked 

— 

10.8.17.  No  effusion.    Tem- 
perature normal.    Pack  in 
situ 

— 

welve 
lours 

Nil 



8.8.17.    No  effusion.    Tem- 
perature normal.       High- 
explosive  fragment  in  situ 

" 

le  days 

9.8.17.   Removal  of  condyle 
for  drainage 

11.8.17.    Resection  of  joint, 
necessitating  a   high  sec- 
tion of  shaft  of  femur 

10.10.17.         Evacuated   in 
good  position,  with  bony 
union 

Ctmtiitued  on  next  page. 
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PARTICULARS     0 


Cask 
No. 


DATS  OP 
WOUSD 


XATIKK  op   INJIUY 


83 


15.8.17 


84      17.8.17 


85 


23.8.17 


Rifle  bullet 


High-explosive 
shell 


Hijjh-explosive 
shell 


86        3.8.17        High -explosive 
shell 


87       22.8.17        High-explosive 
shell 


88       23.8.17 


89       17.8.17 


High-explosive 
shell 


Rifle  bullet 


90       23.8.17    ,    High-explosive 
shell 


91       21.8.17    :    High-explosive 
i  shell 


92       21.8.17    ;    High-explosive 
i  shell 


93       24.8.17 


High-explosive 
shell 


ORGANISMS 

Fou>fn 


Effusion 
sterile 


Through-and-through  wound  with 
compound  fracture  of  left  patella 
(fissured) 

Multiple  small  wounds  about  right 
knee.  One  fragment  in  external 
head  of  tibia.  One  fragment  in 
head  of  fibula.  Also  wounds  of 
right  thigh,  right  hand,  right  leg; 
and  right  foot 


Through-and-through  wound  of  left 
suprapatellar  pouch.  Also  entry 
wound  to  inner  side  of  joint  anteri- 
orly. Small  fragment  lying  behind 
shaft  of  femur.  F'ragment  in  right 
astragalus 

Entrance  wound  over  inner  head  of 
right  tibia.  High-explosive  frag- 
ment lodged  in  bone.  Fissured 
fracture  into  joint.  Multiple  woimds 
elsewhere 

High-explosive  fragment  lodged  in 
right  tibia.  Capsule  penetrated. 
Com])ound  fracture  of  superior 
maxilla 


Fragment  of  high-explosive  shell, 
7x2  mm.,  penetrated  ligamcntum 
patella"  ancl  joint  capsule,  and 
lodged  in  inner  head  of  tibia 


Entrance  wound  above  and  behind     Effusion 
head    of   left    fibula.     I'^xit    above        sterile 
and  anteriorlv  to  inner  head  of  tibia  i 


Sterile 
effusion 


Through-and-through 
right  lateral  jjoucIi 


woun<l      of 


Entrance  wound  to  iiuier  side  of 
right  knee-joint  at  level  of  joint. 
P'ragment  the  size  of  a  j)ca  traversed 
the  joint  and  lodged  deep  in  the 
internal  condyle 

Fragment  traversed  external  head 
of  left  tibia  aiul  lay  in  joint 


Sterile 
effusion 


Jt-rays      show 
joint  (?) 


metallic     dust      in 


Tkkatmknt  \t 

CASUALTV  Cl.EAUIN«;    SlMh 


•Joint  opened   and   washed  wi 
saline,    followed    by    suture 
CJii)sule  and  skin  closure 

Removal  of  high-explosive  fra 
ment  from  thigh.  Woun 
about  knee  joint  not  operaf( 
on 


Wounds  excised  and  treated  m  i 
B.I. P.P.  ?  suture  of  capsu 
Skin  cleansed 


Fragment  removed, 
green  pack  and 
suture 


Briliiai 
tern  pom 


Wounds  excised.  Joint  wasli 
out.  Capside  sutured.  Fn 
ments  not  removed  (lyi 
posteriorly  in  the  bone:  won 
anterior) 

Fragment  removed.       Etiu  i 
jeeted.     Brilliant-green  pack 
the  bone,  and  temporary  suti 


Nil 


Joint  washed  out.     Capsulej 
tured.     Wounds     excised 
closed 

Back    splint 


Removal  of  fragment.  Jo  J 
washed  out,  and  B.I. P. P.  ]n^ 
applied  to  cavity  in  tibia 

Casualty  clearing  station  wasi  i 
out  joint  and  noted  fissure 
junction    of    internal    cond> 
cartilage    with    bone.     Cajist 
sutured,  external  wound  trca  I 
with  B.I. P.P.     Closed  i 
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ASES — continued. 


(•  days  :  Thomas  splint  and  exten- 
out)    i     sion  applied 

I 

! 
days  Amputation  of  terminal 
phalanx  right  ring  finger. 
High-explosive  fragment 
removed  from  head  of 
right  tibia.  External  con- 
dyle is  exposed.  Wound 
left  open.      B.I.P.P.  pack 

30.8.17.  High-explosive 
fragment  removed  from 
right  ankle-joint.  B.I.P.P. 
and  suture 


Brilliant-green  pack  changed  j 
for  B.I.P.P.  i>ack.  Thomas  I 
splint  and  extension  ap-  j 
plied 


Toilet  of  mouth  and  suture 
of  lip 


Eleven      \  Thomas  splint  and  exten- 
hours  sion  applied.        Pack  re- 

I     moved.     Drj'  dressing 


Nil 


Thomas  splint  and  exten- 
sion 


Thomas  splint  and  exten- 
sion 


Pack  removed 


hours 


Thomas  splint  and  exten- 
sion applied 


Irregular     pvrexia 

(p.u.o:) 


Nil 


30  8.17.  Wound  healed.  No 
effusion.  Temperature 

normal 

1.10.17.  Wounds  granula- 
ting. Temperature  normal. 
No  effusion 


3.9.17.     No  effusion.  Tem- 
perature normal 


14.9.17.  No  effusion.  Tem- 
perature normal 


7.9.17.     No  effusion.  Tem- 
perature normal 


4.9.17.  Temperature  nor- 
mal. No  effusion.  Wound 
granulating 


2.10.17.  Knee  off  splint. 
Movements  good.  Tem- 
perature now  normal 

1  4.9.17.  Temperature  nor- 
I  mal.  No  effusion.  Stitches 
I     still  in 


4.9.17. 
mal. 


Temperature  nor- 
Effusion  diminished 


4.9.17.  Suture  line  healed. 
W^ound  in  tibia  granulated. 
Temperature  normal 

4.9.17.  No  effusion.  Tem- 
perature normal.  Stitches 
in  situ 


10.10.17. 
fairlv  well 


Walking 


10.10.17.  Walking, 
but  knee  still  stiff. 
Under  treatment 


Contitnud  on  next  page 
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PARTICULARS     O 


Case 
Xo. 


DATS  OP 
WOUND 


Nature  op  Injury 


OUdANISMS 
KOUND 


Treatment  at 
Casuawy  Clearing  station 


94 


05 


96 


24.8.17       High-explosive 
shell 


27.8.17    I    High-explosive 
I  shell 


1.9.17        High-explosive 
■  shell 


97 


98 


99 


100 


30.8.17 


5.9.17 


9.9.17 


High-explosive 
shell 


High-explosive 
shell 


High-explosive 
shell 


5.9.17        High-explosive 
shell 


Through-and-through  wound  of  right 
knee-joint.  Entrance  wound  inter- 
nal to  inferior  margin  of  patella. 
Exit  behind  head  of  fibula 

Wound  over  internal  condyle  of 
right  knee-joint.  Capsule  torn  by 
fragment,  which  lodged  in  internal 
condyle,  outside  the  capsule 

Fragment  entered  left  knee-joint, 
and  lay  loose  in  region  of  internal 
condyle,  tearing  ligamentum  patel- 
la; as  it  entered.  High-explosive 
fragment  lodged  in  calcaneo- 
astragalar  articulation,  fracturing 
the  astragalus.  Entrance  and  exit 
wounds  of  left  buttock 

Multiple  wounds  about  right  knee- 
joint,  penetrating  capsule.  No 
bony  lesion.  No  foreign  body  re- 
tained 

Large  laceration  of  vastus  externus, 
tearing  the  capsule  in  the  region 
of  the  right  suprapatellar  pouch 


Lacerated  wound  of  left  thigh,  with 
tear  in  capsule  of  left  suprapatellar 
pouch.  Many  fragments  of  bone 
(fipom  a  comrade)  implanted 


Penetration  of  right  knee-joint,  with 
comminution  of  patella,  and  with 
a  fragment  lodging  in  intercondylar 
notch.  Compound  fracture  of 
right  tibia,  lower  third 


Staphylo- 
coccus 
aureus 


Aspiration  of  blood  and  synovi 
fluid 


Removal  of  fragment.  Capsu 
sutured.  Wound  closed,  wi* 
drain  down  to  fracture 


Fragment  removed.     Lavage 
joint    with     eusol.     Suture 
capsule,  and  repair  of  ligamc 
turn  patellae.     Wound  closed 


Excision  of  wounds.     Lavage 
joint.       Suture       of      capsuli 
B.I.P.P.      Wound  left  opea 


Excision  of  wound.  Joint  irri^ 
tion  with  Dakin's  sohiti<' 
Capsule  sutured.  B.I.P.P.  ai 
pack  into  wound.  Tenijjom 
suture  over  pack 

Excision  of  wound.     Removal 
alien  bone.     Joint  lavage  wi 
Dakin's   solution.     Capsule  .- 
tured.       B.I.P.P.      Closure 
wound 

Resection  of  patella.  Remo\ 
of  foreign  body.  Toilet  of  boi 
cavity  between  the  condylf 
B.I.P.P.  applied  and  capsi 
sutured.  Skin  closed  as  far 
possible.  B.I.P.P.  applied 
right  tibia 
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iASES — contin  ued. 


rROM 

1  OP 
1  TO 
IIOX 


Treatmest  at  Base 


CX>MPUCATIO\'S 


CosDinox  OS 

EVACUATIOX 


Result 


I  lays  [  Thomas  splint  and  exten- 
sion applied 


Nil 


(lays 


Fourteen 
hours 


Twenty- 
hours 


Twelve 
hours 


Within 
twenty- 
)ur  hours 


Sighteen 
hours 


Thomas  splint  and   exten- 
sion.    Drain  removed. 
18.9.17.     Resection  of  joint 


6.9.17.  Large  high-explo- 
sive fragment  removed 
from  left  ankle-joint 


Splint  and  extension 


Stitches    removed.      Pack 
changed 


Splint  and  extension 


Splint  and  extension 


'  Compound  fracture 
of  left  patella 


6.9.17.    No  effusion.   Tem- 
perature  normal 


11.10.17.    Fibrous  union  in 
good  position 


1.10.17.    Temperature  nor- 
mal.    No  effusion 


27.9.17.  Temperature  nor- 
mal. No  effusion  in  the 
joint 


Division     of    right  I  22.9.17.    No  effusion.  Tera- 
ulnar  arter>-.     Su-  |     perature  normal 


perficial  wounds 
of  left  leg  and 
forehead 

Wounds     of    right 
thigh  and  left  fore- 


21.9.17.    No  effusion.  Tem- 
perature normal 


2.10.17.     Wound    granula- 
ting. Temperature  normal 
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A    CASE    OF    FASCIAL    GRAFTING    FOR    THE    REPAIR    OF 
TRAUMATIC    STRICTURE    OF    THE    URETHRA. 

By  Staff  Surgeon  R.  J.  WILLAN,  R.N.V.R. 

Ox  July  28,  1911,  Albert  L.,  age  32,  fractured  his  pelvis  through  being 
crushed  between  a  moving  tub  and  the  wall  while  working  down  a  coal  mine. 
He  bled  from  the  urethra  and  had  retention  of  urine.  He  was  removed  at 
once  to  a  hospital,  where  his  bladder  was  immediately  opened,  both  perineally 
and  suprapubically,  in  order  to  relieve  the  acute  retention.  He  states  that 
during  the  next  four  months  he  had  several  operations,  "  as  the  passage  could 
not  be  kept  open."  Apparently  these  'operations'  consisted  of  passing 
dilating  bougies  under  a  general  ana>sthetie. 

Despite  frequent  attempts,  no  dilating  instrument  had  been  passed 
through  the  stricture  for  the  fourteen  months  previous  to  the  patient  coming 
under  my  care.  For  the  last  six  months  of  this  jjeriod  he  had  increasing 
difficulty  in  getting  his  urine  away  ;  he  had  to  strain  very  hard  at  micturition, 
to  such  a  degree  that  he  had  incontinence  of  faces  ;  moreover  he  was 
endeavouring  to  pass  urine  every  half-hour  night  and  day.  The  stream  was 
getting  smaller,  until  it  had  become  a  forceless  dribble,  and  several  times  he 
had  had  temporary  retention  of  urine  ;  but  relief  had  always  been  gained  by 
the  local  application  of  hot  flannels. 

On  Jan.  7,  1913,  he  was  admitted  to  the  Royal  Victoria  Infirmary, 
Newcastle-upon-Tyne,  with  acute  retention  of  urine.  Before  he  left  his  home 
the  doctor  had  informed  him  that  the  only  possible  relief  he  could  look  forward 
to  was  a  permanent  suprapubic  fistula.  In  appearance  he  was  thin  and 
anarnic.  There  were  healed  scars  in  both  the  perineal  and  suprapubic  areas. 
The  urethroscope  ^  demonstrated  a  stricture  just  behind  the  compressor 
urethra;  muscle  ;  the  opening  of  the  stricture  could  not  be  defined.  A  rectal 
examination  demonstrated  a  hard  mass  of  cicatricial  tissue  at  the  normal 
situation  of  the  prostate  ;  the  gland  itself  not  being  recognizable  with  the 
examining  finger  owing  to  the  inflammatory  tissue.  The  x  rays  showed  an 
old  imited  fracture  of  both  pubic  bones. 

Emergency  Operation. — To  relieve  the  acute  retention,  an  endeavour  was 
made  to  insinuate  the  fine  gum-elastic  'guide'  of  a  urethrotome  through  the 
stricture  preliminary  to  dividing  it  by  internal  urethrotomy  ;  this  was  not 
successful.  The  patient  was  therefore  placed  in  the  lithotomy  position,  and 
the  urethra  was  opened  in  the  perineum  on  a  Wheelhouse  staff.  Desjiite  a 
prolonged  search,  the  opening  of  the  stricture  could  not  be  recognized.  I  then 
opened  the  bladder  suprapubically,  and  the  area  of  the  stricture  was  examined 
by  means  of  a  metal  sound  passed  by  retrograde  catheterization  into  the 
prostatic  urethra.     At  the  same  time  a  finger  was  inserted  into  the  rectum. 
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It  was  ascertained  that  the  ends  of  the  torn  urethra  were  separated  by  half 
an  inch  of  scar  tissue  ;  also  that  the  prostatic  end  of  the  canal  was  deflected, 
and  fixed  in  dense  cicatricial  tissue  in  a  position  well  to  the  right  of  the  middle 
line  and  do^vnwards  towards  the  free  margin  of  the  triangular  ligament 
{Figs.  380,  381,  382).  The  bladder  was  drained  suprapubically  by  a  tube  ; 
the  urine  was  highly  offensive,  owing  to  a  purulent  cystitis. 


i  l°iu.  o8U. — Showing  the  normal  relations  of  the  parts. 


KIG.  382. — Showii)};  the  downwaril  displacement 
of  the  proximal  fracment 


FIG.  381.— Showing  the  lateral  separation 
of  the  torn  ends. 


FIG.  383. — Showing  the  fa.scial  graft  (in  dotted 
outline)  uniting  the  penile  and  prostatic  portions 
of  the  uretlu-a.  The  membranous  portion  has  been 
destroyed,  and  Ls  replaced  by  fibrous  tissue. 


Figs.  380-383. — Diagrams  of  the  prostatic  axd  membranous  urethra,  etc.,  illustrating 
the  normal  relations  of  the  parts  and  the  conditions  in  tee  present  case. 

A,  Bladder.  B,  Urethra.  c.  Prostate  gland.  D,  Triangular  ligament.  Di  Superficial 
layer  of  ligament ;  D2,  Deep  layer.  E,  Bladder -wall  muscle.  F,  Int«mal  sphincter.  G,  Com- 
pressor urethrae. 


First  Plastic  Operation.- — Some  time  before,  I  had  the  advantage  of 
watching  Professor  Morison  do  a  successful  plastic  operation  upon  the  penile 
urethra  of  a  lad  ;  the  patient  had  a  stricture  about  two  inches  behind  the 
external  meatus,  and  a  piece  of  tensor  fascia;  femoris  was  used  for  the  plastic. 

On  Jan.  23,  I  performed  a  plastic  operation  upon  my  patient  in  the 
following  manner.  Placing  him  in  the  lithotomy  posture,  the  separated  ends 
of  the  torn  urethra  were  first  defined.  Owing  to  the  inaccessibility  of  the 
anterior  torn  end,  where  it  emerged  at  the  posterior  layer  of  the  triangular 
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ligament,  the  urethra  was  completely  di^'ided  transversely  immediately  in 
front  of  the  superficial  layer  of  this  ligament.  The  epithelial  lining  of  the 
membranous  portion  of  the  urethra  was  completely  destroyed  by  swabbing 
it  with  acidum  carbolicum  liquefactum.  The  cicatricial  tissue  in  front  of  the 
proximal  end  of  the  torn  urethra  was  dissected  away.  My  work  now  was  to 
fill  in  the  gap  between  the  two  ends  of  the  urethra,  a  gap  larger  than  ever 
owing  to  my  destruction  of  the  membranous  portion.  In  other  words,  I  had 
to  provide  a  new  length  measuring  Ij  inches,  which,  moreover,  must  be  left 
with  a  permanent  lining  of  epithelium  if  a  cure  was  to  be  effected.  In  filling 
up  the  gap,  the  new  part  of  the  urethra  had  either  to  tunnel  the  triangular 
ligament  or  be  carried  round  its  free  margin.  The  latter  alternative  was 
chosen,  because  it  was  the  easiest. 

I  obtained  a  length  (about  1|  inches)  of  the  patient's  left  internal 
saphenous  vein  at  its  upper  part,  together  with  an  oblong  (2  inches  by  1  inch) 
from  his  tensor  fascia'  femoris  ;  both  of  these  were  handled  as  little  as  possible, 
and  were  kept  immersed  in  hot  saline  solution  until  they  were  actually 
required.  This  fascia  (with  its  glistening  muscle  surface  towards  the  lumen) 
was  first  sutured  into  position  with  interrupted  catgut  sutures  ;  these  were 
placed  close  to  the  cut  margins  of  the  urethra  in  front  and  behind,  also 
laterally  ;  no  attempt  was  made  to  approximate  the  lateral  margins  of  the 
fascia,  that  is,  to  complete  the  'floor.'  The  vein  was  slit  up  as  it  lay  in  the 
saline  solution.  Unfortunately  the  lumen  was  of  small  calibre ;  but  its 
extremities  were  sutured  to  the  cut  ends  of  the  urethra  by  interrupted  catgut 
sutures,  while  the  sides  of  the  cut  vessel  were  sutured  to  the  portion  of  tensor 
fasciae  femoris  which  enveloped  it.  The  new  portion  of  the  urethra  therefore 
consisted  of  a  piece  of  vein,  around  the  outer  surface  of  which  a  fascial  flap 
was  wrapped,  and  the  'floor'  remained  quite  open.  To  prevent  any  adhesion 
of  the  surfaces,  and  to  provide  a  splint,  a  rolled-up  piece  of  indiarubber  tissue 
was  laid  along  the  whole  length  of  the  urethra.  The  suprapubic  drainage  tube 
was  retained. 

At  the  end  of  seven  days  the  rubber  tissue  drain  was  removed.  Three 
days  later  I  passed  a  No.  15  (English  gaiige)  metal  bougie.  When  the  j^oint 
of  the  instrument  was  passing  the  site  of  the  plastic  operation,  I  felt  something 
tear,  although  the  instrument  passed  onwards  into  the  bladder  quite  easily. 
There  is  no  doubt  that  the  tearing,  hardly  percejitible  though  the  sensation 
was,  was  sufficient  to  dislodge  completely  the  anterior  detachment  of  the 
graft.  The  bougie  was  passed  again  a  few  days  later,  but  the  bladder  was 
reached  with  difficulty.  A  few  days  after  this  the  bladder  could  not  be 
reached  at  all,  even  under  a  general  anaesthetic. 

Second  Plastic  Operation,  Feb.  5. — As  I  attributed  the  failure  of  the  first 
plastic  operation  largely  to  the  small  calibre  of  the  vein  employed,  I  resolved 
to  use  a  fascial  graft  only  at  the  next  attempt.  Having  obtained  an  oblong 
of  tensor  fascifc  femoris,  similar  in  size  and  shape  to  the  one  used  at  the 
previous  operation,  this  was  fixed  into  the  gap  by  interrupted  catgut  sutures 
to  either  end  of  the  urethra  ;  the  graft  was  also  sutured  laterally  to  the 
surrounding  tissues,  although  the  'floor'  lay  quite  open.  As  in  the  previous 
operation,  the  glistening  medial  siirface  of  the  graft  was  turned  towards  the 
lumen  of  the  urethra.     It  lay  in  tjie  place  occupied  before  by  the  length  of 
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saphenous  vein,  that  is,  it  was  sutured  directly  to  the  ends  of  the  urethra. 
The  relation  of  the  new  portion  of  the  canal  to  the  base  of  the  triangular 
ligament  is  shown  in  Fig.  383. 

The  posterior  end  of  the  urethra  was  slit  along  the  floor  into  the  prostate 
gland.  A  short  length  of  rubber  tubing  was  laid  in  the  prostatic  urethra,  and 
brought  out  through  the  perineal  wound  behind  the  level  of  the  urethral  graft  ; 
this  tube  had  its  lumen  occluded  ^^nth  a  ligature,  and  the  inner  end  did  not 
enter  the  bladder.  To  the  middle  of  the  upper  surface  of  this  rubber  tube  was 
sutured  a  piece  of  indiarubber  tissue  drain  ;  this  was  brought  out  through 
the  external  meatus.  The  posterior  part  of  the  urethra,  therefore,  was 
occupied  by  a  rubber  tube,  while  the  rest  of  the  canal  was  occupied  by  rubber 
tissue.  A  small  piece  of  iodoform  gauze  was  placed  at  the  areas  of  suture 
both  in  front  and  behind.  The  services  of  the  suprapubic  drainage  tube  were 
still  employed. 

The  perineal  tube  and  the  tissue  drain  were  left  imdisturbed  for  ten  days  ; 
each  day  the  perineum  was  carefully  irrigated  with  saline  solution  to  wash 
away  any  pus  which  had  accumulated,  and  at  the  end  of  the  time  mentioned 
the  perineal  drains  were  removed.  At  the  end  of  fourteen  days  a  No.  16 
(English  gauge)  metal  bougie  was  easily  passed. 

The  suprapubic  drainage  tube  was  kept  in  until  April  5,  by  which  time 
it  was  quite  certain  that  the  bougie  could  be  passed  with  perfect  ease.  By 
the  time  that  the  patient  left  hospital,  nine  days  later,  the  suprapubic  sinus 
was  soundly  healed,  and  he  was  passing  a  full-sized  stream  during  micturition. 

After-History. — For  a  week  or  two  after  the  suprapubic  woiuid  had  healed, 
the  patient  had  a  slight  incontinence  of  urine.  I  saw  him  on  June  2©, — i.e., 
twenty  weeks  after  operation — when  he  had  full  control  of  micturition,  and 
I  passed  a  Xo.  14  bougie  with  ease. 

On  Aug.  7,  1914,  he  came  to  see  me  by  request,  when  he  looked  well  and 
fat.  He  stated  that  he  had  some  urgency  of  micturition,  and  that  if  he  could 
not  arrange  to  pass  his  water  inunediately  the  desire  was  felt,  his  urine  came 
away.  However,  there  was  no  incontinence  of  urine,  night  or  day.  He  had 
to  get  up  once  during  the  night  to  micturate,  while  during  the  day  he  could 
carry  on  for  three  hours.  The  stream  was  a  single,  full-sized  one.  A  Xo.  16 
(English)  catheter  was  passed  >\'ithout  any  difficulty.  Wishing  to  know  the 
appearance  of  the  graft,  I  examined  him  with  the  urethroscope.  It  showed, 
5  inches  from  the  external  meatus,  the  lumen  rather  narrower  than  the 
portion  in  front  ;  while  instead  of  the  straw  colour  of  a  normal  part  of  the 
urethra,  the  new  portion  was  white  in  colour  like  scar  tissue ;  unlike 
scar  tissue,  however,  this  surface  had  a  'sheen'  on  it,  due  to  a  covering 
of  epithelium. 

I  again  saw  the  patient  in  February,  1916 — that  is,  over  three  years  after 
the  operation.  He  was  then  in  good  health,  and  a  Xo.  16  (English)  bougie 
was  passed  without  obstruction.     He  still  had  some  urgency  of  micturition. 

The  urgency  is  a  sequel  to  his  long-standing  cystitis.  The  infection  was 
probably  self-induced,  for  he  had  been  using  a  dilating  bougie  upon  himself 
ever  since  the  time  of  the  original  accident.  When  I  last  saw  him  he  was 
continuing  this  practice.  I  tried  to  persuade  him  to  give  up  the  habit,  as  he 
was  really  cured,  but  he  could  not  forget  his  previous  sufferings  when  unable 
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to  micturate.     He  stated  that  it  gave  him  great  mental  comfort  to  be  able  to 
satisfy  liimself  periodically  that  a  large  bougie  passed  easily. 

In  a  letter  from  him  dated  Oct.  14,  1917,  patient  informs  me  that  he 
is  in  good  health,   but  still  passes  the  bougie  from  time  to  time. 

Remarks. — The  first  plastic  ojjeration  failed  primarily  owing  to  the  vein 
being  of  too  small  a  size  ;  secondarily,  to  my  passing  a  bougie  too  soon  after- 
wards, for  the  point  of  the  bougie  encountered  the  vein,  which  acted  as  an 
obstacle  and  tore  away  the  anterior  attachments  as  mentioned. 

A  difficulty  to  overcome  was  to  prevent  the  surface  of  the  tensor  fasciae 
femoris  from  adhering,  and  the  soft,  pliable,  rubber  tissue  drain  was  used  as 
being  less  likely  than  gauze  to  destroy  the  fascial  graft. 

The  fascial  graft  probably  only  acts  as  a  scaffolding  for  the  urethral 
epithelium  to  grow  along.  I  consider  that  this  has  certainly  happened,  for 
the  urethroscope  shows  that  there  is  a  sheen  on  the  walls  of  the  lumen  at  this 
new  portion  of  the  urethra,  which  can  only  be  due  to  epithelium.  The  ability 
to  pass  a  large-sized  bougie  so  easily  is  confirmatory  evidence  ;  for  if  the  walls 
of  the  'gap'  were  lined  with  cicatricial  tissue  instead  of  epithelium,  it  would 
very  quickly  close  up  and  become  an  impassable  stricture.  Professor  Morison 
suggests  that  the  epithelium  referred  to  may  possibly  originate  from  the  surface 
of  the  graft.  I  therefore  asked  Professor  Stuart  McDonald  if  he  would 
examine  sections  of  tensor  fascisc  femoris  with  a  view  to  ascertaining  if  there 
are  any  endothelial  cells  upon  the  medial  surface  of  this  fascia.  He  has  very 
kindly  done  so  ;  sections  cut  from  two  cases  were  examined,  and  he  informs 
me  that  he  cannot  see  any  trace  of  endothelial  cells.  He  suggests  that  a 
number  of  cases  should  be  examined,  though  he  would  still  expect  the  search 
for  endothelium  to  be  negative. 

The  patient  is  of  course  entirely  dependent  upon  the  bladder  sphincter 
(at  the  internal  meatus)  for  continence  of  urine,  because  his  compressor 
urethrac  muscle  cannot  now  play  any  part  in  this  function.  He  was  warned 
of  the  risk  of  incontinence  of  urine  before  the  plastic  operation  was  embarked 
upon,  but  he  j^romptly  expressed  his  willingness  to  risk  anything  rather  than 
contimic  his  previous  miserable  existence  of  constant  endeavouring  to 
micturate  ;  nor^  could  he  tolerate  the  alternative  of  having  a  permanent 
suprapubic  fistula.  Fortunately,  with  the  exception  of  some  urgency,  he 
has  full  control. 
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A   NEW  OPERATION   FOR   THE    SUBSTITUTION   OF  A  THUMB. 

By  Brevet-Major  J.  L.  JOYCE,  RA.M.C.  (Tl) 

Ax  operation  has  been  devised  to  substitute  a  ring  finger  of  the  opi>osite  hand 
for  a  thumb  lost  as  a  result  of  injury  or  disease.  The  well-known  method 
of  employing  a  pedimculated  flap  is  used  in  this  operation,  but  the  idea  of 
substituting  a  finger  for  a  lost  thumb  of  the  opposite  hand  is  believed  to  be 
a  new  and  useful  advance  in  surgery. 

The  patient  for  whom  this  operation  was  devised,  and  on  Avhom  it  was 
afterwards  practised,  is  an  electrical  engineer  who  lost  the  whole  of  his  right 


Fiu.  384. — The  right  hand  before  operation. 


Fig.  385. — -Y-ray  phoiogi-apli  of  the  right 
hand  before  operation. 


thumb,  including  its  metacarpal  bone,  as  the  result  of  a  gvuishot  wound 
received  in  action  on  the  Somme  in  July,  1916  (Figs.  384,  385).  The 
operation  is  described  under  the  following  headings  :— 

1.  Preparation  of  the  bed  for  the  reception  of  the  new  metacarpal  bone, 
and  exposure  of  the  proximal  end  of  the  divided  tendons  of  the  old  thumb. 

2.  Dislocation  of  the  ring  finger  of  the  opposite  hand  at  the  metacarpo- 
phalangeal joint,  involving  division  of  the  soft  tissues  at  the  base  of  the  radial 
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side  of  the  proximal  phalanx,  division  of  the  extensor  and  flexor  tendons,  and 
the  preservation  of  a  nutritive  flap  on  the  nhiar  side  of.  the  finger. 

3.  Fixation  of  the  new  metaearpal  bone  (proximal  phalanx  of  ring  finger) 
in  its  bed,  union  of  tendons  and  nerve,  suture  of  ineisions,  and  fixation  of  the 
hands  in  apposition. 

4.  Division  of  nutritive  flap — two  months  later  than  1,  2,  and  3. 

1.  An  incision  is  made  along  the  radial  border  of  the  hand,  beginning  at 
a  point  which  corresponds  with  the  horizontal  level  of  the  centre  of  the  web 
between  the  index  finger  and  the  thumb  of  the  sound  hand,  and  rather  nearer 
the  dorsum  than  the  palm.  When  the  wrist  is  reached,  the  incision  is  carried 
along  the  radial  border  of  the  forearm  for  a  distance  of  1^  to  2  inches.  The 
incision  on  the  side  of  the  hand  is  deepened  sufficiently  to  accommodate  the 
new  metacarpal  bone,  care  being  taken  not  to  cut  across  muscle  fibres.  In 
the  patient  on  Avhom  the  operation  was  performed,  a  plane  of  fibrous  tissue 
w^as  found  apparently  fifling  up  the  sj^ace  left  by  removal  of  the  metaearpal 
bone,  and  in  this  the  bed  was  made.  The  articular  surface  of  the  trapezium 
is  exposed.  The  skin  and  superficial  and  deep  fascia  on  either  side  of  the 
incision  along  the  radial  border  of  the  wrist  are  reflected,  the  tendons  of 
the  extensores  secundi  internodii  pollicis,  primi  internodii  pollieis,  ossis 
metacarpi  pollicis,  flexor  longus  pollicis,  and  flexor  carpi  radialis  arc  defined, 
and  one  of  the  dorsal  cutaneous  branches  of  the  radial  nerves  is  found 
and  divided. 

2.  An  inverted  V-shaped  incision  is  made  on  the  radial  side  of  the  ring 
finger,  the  apex  of  the  incision  being  placed  midway  between  the  dorsal  and 
palmar  aspects  of  the  finger  at  the  level  of  the  proximal  inter-phalangeal  joint. 
The  triangular  piece  of  skin  marked  out  by  the  incision  is  then  reflected 
upwards.  The  limbs  of  the  incision  are  carried  obliquely  backwards  and  for- 
wards on  to  the  dorsum  and  palm  of  the  hand,  and  are  deepened  in  order  to 
expose  the  extensor  and  flexor  tendons.  These  are  divided  at  the  extremity 
of  the  incisions,  and  the  proximal  ends  prevented  from  retracting  by  suturing 
them  to  the  periosteum  and  soft  tissues  covering  the  metacarpal  bone.  The 
soft  tissues  are  now  divided  at  the  base  of  the  proximal  phalanx  on  its  radial 
side  down  to  the  periosteum.  The  digital  vessels  on  this  side  of  the  finger 
are  tied,  and  the  distal  end  of  the  collateral  branch  of  the  median  nerve  is 
sought  for  and  identified.  The  extensor  and  flexor  tendons  are  dissected  up 
in  a  distal  direction,  exposing  the  base  of  the  proximal  phalanx,  and  a  hole 
is  drilled  through  the  base  of  the  bone  and  threaded  with  a  stout  catgut  suture. 
The  finger  is  now  dislocated  from  the  metaearpal  bone  by  cutting  through 
the  ligaments  of  the  metaearpo-phalangeal  joint.  The  soft  tissues  on  the  ulnar 
side  of  the  proximal  phalanx  are  raised  for  a  short  distance  from  the  peri- 
osteum, working  from  the  deep  asj^ect,  taking  care  not  to  injure  the  digital 
vessels. 

The  triangular  flap  of  skin  is  now  turned  down  to  cover  over  the  head 
of  the  metacarpal  bone,  and  the  incisions  on  the  dorsum  and  palm  of  the  hand 
are  sutured  with  fine  catgut  stitches.  The  proximal  end  of  the  extensor 
tendon  is  pulled  over  to  the  palmar  aspect  of  the  hand,  and  the  ring  finger 
is  then  ready  for  grafting  into  its  new  position. 
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3.  The  two  hands  are  apposed  in  a  manner  which  is  sufficiently  indi- 
cated in  the  accompanyin*;  photographs  {Figs.  386,  387).  This  stage  of  the 
operation  is  now  completed  as  follows  : — 

a.  The  flexor  tendons  of  the  finger  are  joined  to  the  long  flexor  of  the 
thumb,  if  this  has  been  found,  or  to  the  flexor  carpi  radialis  if  more  con- 
venient. 

b.  The  proximal  phalanx  is  an- 
chored in  its  position  by  stitching  the 
catgut  suture  threaded  through  its 
base  to  the  scar  tissue  covering  the 
articular  surface  of  the  trapezium. 


Fig.   380. — The  two  hands  appo.-Ttd  in 
plaster-of -Paris. 


Fig.   387. — The  two  hands  grown  together 
after  removal  of  the  plaster. 


c.  The  extensor  ossis  metacarpi  poUicis  is  stitched  to  the  periosteum  at 
the  base  of  the  proximal  phalanx  (new  metacarpal  bone). 

d.  The  tendons  of  the  extensores  secundi  and  primi  internodii  pollicis 
are  united  and  joined  to  the  extensor  tendon  of  the  finger  (new  thumb). 

e.  The  radial  cutaneous  nerve  exposed  in  the  first  stage  of  the  operation 
is  sutured  to  the  collateral  branch  of  the  median  nerve  of  the  ring  finger. 

/.  The  skin  incisions  are  sutured.  The  incision  on  the  radial  border  of 
the  WTist  is  sutured  in  a  distal  direction  to  cover  the  base  of  the  new  meta- 
carpal bone  and  the  tendon  unions.  The  dorsal  and  palmar  edges  of  the 
incision  on  the  radial  border  of  the  hand  are  sutured  to  the  dorsal  and 
palmar  edges  of  the  skin  bordering  the  triangular  raw  area  on  the  radial 
border  of  the  ring  finger  (new  thumb).  Fine  interrupted  catgut  sutures  are 
used  throughout  for  the  skin  stitches. 


W  ..-i 
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Fios.   388,    389.    -'ilio  right  hand  after  the  operation  was  completed. 


Fig.  390, — X-ray  photograph  of  the  right  hand  after  the  operation  was  completed. 
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The  hands  are  then  fixed  in  the  apposed  position    by    plastcr-of-Paris, 

which  is  left  undisturbed  for  four  weeks,  and  is  then  removed. 

4.  Till'  final  stage  in  the  operation  consists  in  dividing  the  nutritive  flap, 

separation  of  tlie  hands,  ligature  of  the  proximal  ends  of  the  ulnar  digital 

vessels  of  the  finger  which  has  been 
removed,  and  closing  the  raw  areas 
which  remain.  Figs.  388,  389,  390 
show  the  hand  after  completion  of 
the  o{)eration. 

The  time  for  completing  the 
operation  depends  on  the  establish- 
ment of  a  sufficient  collateral  circu- 
lation between  the  vessels  of  the  new 
thumb  and  its  hand.  This  can  be 
easily  tested  by  compressing  the 
blood  from  all  the  fingers  (including 
the  late  ring  finger)  and  the  hand 
of  the  member  which  has  provided 
the  new  thumb,  and  stopping  the 
arterial  blood-supj)ly.  All  the  fingers 
will  then  remain  cold  and  blanched, 
with  the  exception  of  the  late  ring 
finger,  which  will  retain  its  warmth 
and  colour  if  an  efficient  new  circu- 
lation has  been  established. 

In  the  case  of  the  patient  on 
whom  this  oi^cration  was  performed, 
the  first  three  stages  were  carried  out 

on  Aug.  11.  1917.     The  plaster  was  removed  on  Sept.  14.     The  hands  were 

separated  on  Oct.  13. 

In  performing  the  operation,  every  step  was  carried  out  as  described,  with 

two   exceptions  :— 

a.  The  flexor  ten- 
dons of  the  ring  finger 
were  not  iniited  to 
the  flexor  longus 
pollicis  or  the  flexor 
carpi  radialis,  but 
were  left  unattached 
in  the  bed  of  the 
thenar  muscles. 

b.  Xo  nerve  union 
was  made  between  the 
digital  nerves  of  the 
ring    finger    and    the 


Fig.   391. 


Fig. 


cutaneous  nerves  of  the  opjiosite  hand. 

These  steps  were  omitted  as  it  seemed  desirable  that  too  much  should 
not  be  attempted  at  once.     The  first  omission  matters,  for  while  the  patient 

VOL.  V. — NO.   19.  35 
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has  now  acquired  active  voluntary  movements  of  the  extensors,   he  has  no 
power  of  flexing  the  two  terminal  phalanges  of  his  thumb. 

The  omission  of  the  nerve  union  is  thought  to  be  of  little  importance,  as 
the  patient  already  has  a  considerable  return  of  protopathic  sensation  on 
the  ulnar  side  of  his  new  thumb  (radial  border  of  the  late  ring  fmger). 

The  accompanying  photographs  {Figs.  391,  392,  393,  394)  arc  a  sulTieient 
commentary  on  the  usefulness  of  the  patient's  new  thumb,   and  it  is  enough 
to  add  that  he  now  feels  himself  able  to  follow  his  profession,  and  can  write  a 
legible   letter   with   his   right   hand, 
holding  his  pen  in  the  usual  manner. 


Fig.  393.  Fig.  394. 

Figs.  391-394  illustrate  the  usefulness  of  the  new  thumb. 


The  whole  of  this  patient's  right  thumb  has  been  replaced  by  the  ring 
finger  of  the  left-hand,  and  it  is  considered  that  by  suitable  modifications  in 
the  details  of  the  operation  any  less  part  of  a  thumb  can  be  similarly  replaced 
by  substituting  for  it  a  part  of  a  finger  of  the  oi>posite  hand. 

My  thanks  arc  due  to  Mr.  A.  Rhodes,  who  not  only  gave  me  his  assistance 
at  the  operation,  but  has  prepared  the  j^hotographs  which  illustrate  this 
paper,  and  to  my  Commanding  Officer,  Brevet-Colonel  W.  J.  Maurice, 
for  his  advice  and  encouragement,  and  for  his  permission  to  publish  the 
ease. 
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SHORT    NOTES    OF 
RARE     OR     OBSCURE     CASES. 


CASE  OF  TRAUMATIC  ANEURYSM  OF  THE  RADIAL  ARTERY. 

By    Temporary    Surgeon    C.    P.    G.    WAKELY,    R.N. 

Traumatic  aneurysm  of  the  radial  artery  is  not  very  common,  no  doubt 
OA\nnof  to  the  fact  that  the  vessel  is  often  completely  cut  across,  or  that,  in 
shell  wounds,  a  portion  of  the  vessel  is  often  blown  away  together  with  the 
surrounding  muscles.  Mr.  Rutherford  Morison^  describes  a  case  in  which 
he   excised  the  sac  of  the  aneurysm,  and  Sir  George  Makins,^  in  his  article 


Fig.  395. — Ant ero -posterior  view. 


Fig.   39G. — Lateral  view. 


Skiagrams  of  lower  part  of  forearm,  showing  the  piece  of  steel  lying  about 
two  inches  above  the  wrist. 

"  Vascular  Lesions  in  War,"  reports  one  case  of  traiunatic  aneurysm  of  the 
radial  artery  in  a  series  of  111  cases  of  traumatic  and  art erio- venous  aneurysm. 
Sir  George  Makins  considers  that  traumatic  aneurysms  of  the  radial  and  ulnar 
arteries  are  rare,  "  on  accoimt  of  their  small  size,  and  the  frequency  with 
which  they  suffer  complete  division." 

The  case  I  am  about  to  describe  occiured  in  a  discharged  Belgian  soldier 
(H.  S.),  age  26.     He  was  working  in  a  blacksmith's  shop  in  Camberwell  in 


506        THE    BRITISH    JOURNAL    OF    SURGERY 

March.  1015,  Avhcn  a  small  piece  of  hot  steel  struck  his  left  forearm  on  its 
outer  aspect  about  2 J  inches  above  the  wrist ;  it  caused  him  some  pain  for 
the  moment,  hnt  he  soon  forgot  all  about  it.  About  three  weeks  afterwards 
he  attended  King's  College  Hospital  because  a  small  pulsating  swelling  had 
appeared  abo^•e  the  wrist  on  the  antero-external  surface  of  the  forearm. 
This  was  thought  to  be  an  aneurysm  of  the  radial  artery.  The  patient  was 
.r-rayed,  and  a  small  foreign  body  was  seen  lying  close  to  the  inner  surface 
of  the  radius  about  2  inches  from  the  lower  end  of  the  bone  {Figs.  395,  396). 
The  patient  was  kept  under  observation  for  a  week,  the  swelling  increasing 
during  that  time  to  the  size  of  a  pigeon's  egg. 

An  operation  was  performed  on  April  5.     A  vertical  meision  was  made 
over  the  tumotu",  and  the  sac  excised,  haMiiorrhage  being  easily  controlled  by 


Fig.  .'{97. — Aneurysmal  sac  opened  to  show  laminated  clot. 

compressing  the  brachial  artery  against  the  tendon  of  the  biceps  in  the  ante- 
cubital  fossa.  The  proximal  and  distal  portions  of  the  artery  were  ligatured. 
The  piece  of  steel  was  found  to  be  sticking  into  the  side  of  the  aneurysmal 
sac.  The  wouiii^  healed  rapidly,  and  the  collateral  circulation  was  perfect. 
Fig.  397  shows  the  dissected  sac. 

Radical  treatment  was  indicated  in  this  ease,  because  the  aneurysm  was 
rapidly  increasing  in  size  and  any  traumatism  might  have  caused  its  rupture, 
either  externally  or  into  the  subcutaneous  tissue  of  the  forearm.  In  either 
of  these  conditions  operation  would  have  been  needed  at  once,  would  havx' 
been  much  more  diflieult,  and  sui:)puration  might  have  taken  j^lacc. 

Excision  of  the  aneurysmal  sac  is  recommended  by  Regnault  and  Bourrat- 
Laconture'  in  cases  of  aneurysm  of  the  small  arteries  of  the  extremities. 
They  report  a  case  of  aneurysm  of  the  superficial  jialmar  arch  treated  by 
ligature  of  the  artery  at  each  end  of  the  sac. 

HKFKKKNCIOS. 
1  Brit.  .Jour.  Si  ro,  1914.,  i,  724,     ?  Ibid.,  1010,  iii,  :5»1.     -  llrv.  de  Chir.,  19i;{,  .'J.'JT. 
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A    CASE    OF    PARTIAL     SEPARATION     OF    THE    CALCANEAL 

EPIPHYSIS. 

By  C.  HAMILTON   WHITEFORD,  PLYMOtJTH. 

A  boy.  age  14,  while  paddling  in  the  sea,  slipped,  and  brought  the  bare 
heel  of  the  left  foot  into  hard  contact  with  a  rock. 

'7th  Day. — Seen  for  the  first  time.  The  jxjsterior  and  plantar  surfaces  of 
the  heel  were  tender.  There  was  slight  lateral  swelling,  with  no  discoloration. 
The  X  rays  showed  a  partial  separation  of  the  calcaneal  epiphysis  {Fig.  398). 
The  heel  was  bandaged,  with  the  foot  in  plantar  flexion.  Weight-bearing 
on  the  foot  was  prohibited,  and  gentle  massage  was  applied  daily  to  the  parts 
surroundinir  the  tender  area. 


F1G.5398.  — Skiagram  showing  partial  separation  of  the  epiphysis  of  the  os  caleLs. 

29///  Day. — The  tenderness  was  unaltered,  the  patient  having  made 
repeated  attempts  to  bear  weight  on  the  foot.  The  limb  was  fixed  in  a  poro- 
plastic  case  extending  from  the  toes  to  the  middle  of  the  thigh.  The  case 
held  the  foot  in  plantar  flexion,  with  forty  degrees  of  flexion  at  the  knee. 

^Ith  Day. — -Tenderness  had  nearly  disappeared.  Gentle  walking  was 
permitted,  the  boot  having  a  raised  heel. 

QSth  Day. — An  ordinary  boot  was  worn. 

15//?  Week  after  the  injury. — Walking  was  normal.  There  was  no  tender- 
ness. Dorsiflexion  and  plantar  flexion  were  perfect.  Viewed  from  the  sole, 
there  was  slight  lateral  thickening  in  comparison  with  the  luiinjured  side. 

Comments. — Traimiatic  separation  of  the  calcaneal  epiphysis  appears  to 
be  rare.  Little  or  no  information  on  the  subject  is  given  in  the  text-books. 
Normally  the  epiphysis  unites  with  the  body  of  the  bone  soon  after  puberty. 
It  will  be  of  interest  to  note  what  effect  the  injury  may  produce  on  the 
development  of  the  heel. 
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A    CASE    OF    GUNSHOT     WOUND     OF    THE     LIVER,    WHERE 

THE    MISSILE,    ENTERING   THE    CIRCULATION    THROUGH 

THE    HEPATIC    VEIN,    WAS    FOUND    LODGED    IN   THE    RIGHT 

VENTRICLE    OF    THE    HEART. 

By    Captain    J.    E.    IMcCARTXEY,    R.A.M.C., 
AND    Captain  HAMILTON    DRUMMOXD,    R.A.M.C. 

Several  instances  have  rceently  been  described  of  'wandering'  shrapnel 
balls  and  shell  fragments  within  the  vascular  system  ;  the  present  case  deals 
with  a  wandering  fragment  of  shell. 

The  missile,  a  triangular  piece  of  shell  about  one  inch  in  length,  entered 
the  thorax  between  the  seventh  and  eighth  ribs   on  the  right  side,   in  the 


Fig.  399. — Right  side  of  heart^laid  open  to  show  missile  lying  embedded 
in  the  ventricle. 


niid-axillary  line.  It  then  opened  the  right  pleural  cavity  without  touching 
the  lung,  pierced  the  diaphragm,  and  entered  the  liver.  The  fragment 
traversed  the  right  lobe,  and  passed  into  a  large  branch  of  the  right  hepatic 
vein,  in  this  way  gaining  access  to  the  inferior  vena  cava.  The  missile  was 
subsequently  found  at  autopsy  lying  between  the  columna>  carnea;  of  the  right 
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ventricle  of  the  heart,  its  apex  being  surrounded  by  finn  white  clot  which  was 
not  of  recent  origin  {Figs.  399  and  400). 

The  patient  had,  in  addition,  other  serious  wounds,  and  survived  his 
injuries  for  thirty-six  hours.  The  presence  of  the  missile  in  the  heart  was 
not  suspected  during  life. 

At  the  autopsy,  the  liver  showed  a  large  lacerated  wound  of  the  right 
lobe,  but  no  exit  wound  was  visible.     When  the  track  of  thd  missile  was  fol- 


"FiG.   400. — .Y-ray  photograph  of  lieait  taken  from  behinfl,  so  that  inis-i.'o 
appear*  on  riglit  side  of  photograph. 


lowed  up,  it  became  evident  how  the  shell  fragment  had  gained  access  to  the 
circulation.  The  wall  of  the  hepatic  vein  showed  a  long  ragged  tear,  about 
two  inches  in  length,  where  the  missile  had  entered  obliquely  {Fig.  401). 

From  the  fact  that  the  shell  fragment  was  ver>-  rough  and  irregular,  and 
that  there  was  neither  damage  to  the  intima  nor  adherent  clot  in  the  inferior 
vena  cava,  it  seemed  probable  that  the  missile,  on  entering  the  vena  cava, 
was  very  soon  carried  up  in  the  blood  stream  to  the  right  auricle,  from  whence 
it  would  naturally  drop  into  the  ventricle. 


510        THE    ERITISH    JOURNAL    OF    SURGERY 

The  fatal  issue  in  this  case  was  j)i()bably  due  to  a  combination  oi"  hamor- 
rhagc  from  the  hepatic  woimd,  and  shock.  It  could  not  be  attributed  to  the 
presence  of  the  missile  in  the  heart. 


Fig.  401. — Section  of  liver  showing;  the  rapged  wound  of  entry  of  missile 
into  right  hepatic  vein. 

We  are  indebted  to  the  Medical  Research  Committee  for  [)ermission  to 
reproduce  the  two  drawings  by  Sergeant  A.  K.  Maxwell,  R.A.M.C. 


AN  UNUSUAL  CASE  OF  RENAL  CALCULUS. 

By  F.   C.   PYBUS,   Newcastle-on-Tyne. 

Although  calculi,  wherever  situated,  often  tend  to  assume  the  shape  of 
the  cavity  in  which  they  are  contained,  it  is  rare  for  them  to  form  a  complete 
cast  of  the  interior  of  their  cavity.  The  renal  calculus  here  described  formed 
a  perfect  cast  of  the  interior  of  the  i^elvis  and  caliccs  of  the  kidney  and  the 
upper  portion  of  the  ureter. 

Private  R.  A.  C,  age  36,  was  admitted  to  the  1st  Northern  General 
Hospital  on  Aug.  31,  1916,  with  pains  in  the  left  loin  and  back.  He  .showed 
two  small  phosphatic  calculi  which  he  had  passed  recently,  and  stated  that 
he  had  passed  similar  ones  for  years.  It  was  found  he  had  a  temperature 
of  101°,  that  the  urine  was  alkaline  and  contained  pus,  and  that  there  was 
a  large  tender  swelling  in  the  left  loin.  A  diagnosis  was  made  of  perinephritic 
abscess,  due  probably  to  calculous  pyonephrosis. 

^Y-ray  examination  showed  a  shadow  in  the  region  of  the  left  kidney, 
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corresix)nding  to  the  calices  and  pelvis,  and  to  the  upper  part,  of  the  ureter 
{Fig.  402).  Major  Arnison  reported  that  this  latter  region  was  occupied  by 
a  large  calculus,  or  was  filled  with  dense  pus. 

On  Sept.  2,  an  oblique  incision  was  made  in  the  left  loin,  and  about  one 

pint  of  stinking  pus  evacu- 
ated. The  cavity  was 
drained  by' a  rubber  tube. 
The  pus  contained  a  pure 
culture  of  the  Streptococcufi 
longus.  A  few  days  later 
a  second  <r-ray  examina- 
tion revealed  the  shadow 
in  the  same  situation. 

On  Sept.  27.  the  wound 
having  closed  down  to  a 
small  sinus  with  very  little 
discharge,  a  second  oj^era- 
tion  was  undertaken.    The 


Fk:. 


402. — Skiagram   of   left   loin,   showing   shadow   of   renal 
calculus. 


Fig. 


403. — Photograph  of  stone 
after  removal,     (x  3.) 


original  wound  was  enlarged,  and  the  kidney  found,  containing  a  large  stone 
in  its  pelvis.  The  kidney  was  sci^arated,  and  drawn  up  to  the  margin  of  the 
wound.  The  stone  seemed  too  large  to  be  removed  by  opening  the  pelvis, 
so  the  kidney  was  incised  along  its  convex  border.  The  renal  tissue  was 
not  greatly  thinned  ;  the  stone  was  therefore  disengaged  from  the  calices, 
and  ^^^thdraA^^l  without  difficultv.     Two  small  isolated  fragments,  seen  in  the 
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skiajjrani.  were  removed  from  adjoining?  caliccs.  A  probe  was  j^asscd  down 
the  ureter,  Avhieli  was  patent.  A  tube  was  inserted  into  the  pelvis  of  the 
kidney  throuoh  the  cortex,  and  the  remainder  of  the  wound  in  the  kidne\' 
was  closed  with  catgut  sutures.  The  incision  in  the  loin  was  then  closed,  a 
small  drain  being  left  in  the  perirenal  space. 

On  Nov.  8  the  patient  was  discharged  to  an  auxiliary  hospital,  the 
wound  being  healed.  He  was  much  improved  in  general  condition,  the  urine 
containing  only  a  trace  of  pus.  On  two  occasions  since  the  operation  he 
passed  small  calculi  per  urethram.  No  further  calculi  could  be  detected  in 
either  kidney  or  bladder. 

Fig.  403  shows  the  stone,  three-quarters  of  the  actual  scale,  Avhich 
weighs  just  over  1|  ounces,  and,  even  when  dried,  has  still  a  trace  of  smell. 
It  appears  to  be  composed  of  phosphates,  and  forms  a  comjilete  cast  of  the 
pelvis  and  caliccs  and  the  upi^er  1|  inches  of  the  ureter. 


Hi^lMATEMESIS   AND   MEL^flNA    CAUSED    BY  A  PIECE  OF 
METAL  FROM  THE  (ESOPHAGUS  PERFORATING  THE  AORTA. 

By  NORMAN  H.  BEAL,  London,  Canada. 

On  May  8,  1917,  the  writer  was  called  in  consultation  by  Dr.  C.  W. 
Crawford  to  see  a  woman,  age  60.  suffering  from  severe  shock  following  h;ema- 
temesis.     The  history  and  progress  of  the  case  were  briefly  as  follows  :■ — 

The  patient,  a  trained  nurse,  was  found  during  the  previous  afternoon 
lying  on  the  floor  in  a  pool  of  blood.  Twice  during  the  next  eighteen  hours 
she  vomited  a  quantity  of  bright  red  blood,  which  showed  no  characters  to 
indicate  that  it  had  come  from  the  lungs.  The  patient  was  placed  imder 
morphia,  all  nourishment  by  mouth  was  interdicted,  and  rectal  salines  with 
5  per  cent  glucose  were  administered.  The  source  of  the  hirmorrhage  was 
thought  to  be  probably  from  the  stomach  or  duodenum.  On  the  morning  of 
May  9  the  patient  seemed  somewhat  improved  ;  she  had  not  vomited  for 
twenty  hours,  but  had  passed  two  large  stools  of  bloody  material.  She  now 
complained  of  severe  precordial  pain,  radiating  down  the  left  arm,  and  a 
constant  desire  to  vomit.  No  history  of  previous  trouble  could  be  elicited, 
and  fearing  that  in  the  absence  of  a  definite  history  laparotomy  would  fail 
to  discover  the  source  of  the  haemorrhage,  the  writer  advised  against  opera- 
tion. In  this  Dr.  H.  A.  McCallum,  who  was  called  in  consultation,  agreed. 
Efforts  were  made  to  procure  a  donor  for  transfusion  in  case  of  further 
haemorrhage.  At  6.0  p.m.  another  large  movement  of  blood  was  passed  per 
bowel,  accompanied  by  hsematemesis.  The  patient  became  pale,  and  showed 
the  clinical  signs  of  a  large  loss  of  blood.  As  a  suitable  donor  had  not 
been  obtained,  an  intravenous  saline  was  given ;  but  the  patient  failed  to 
respoTul,  and  died  at  7,0  p.m.,  fifty-two  hours  after  the  first  hamatemesis. 

Post-mortem  Examination. — Permission  for  an  autopsy  was  granted, 
which  was  performed  by  Dr.  F.  W.  Luney,  of  the  Institute  of  Public  Health. 
The  following  is  a  brief  summary  of  the  findings  : — 
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Stomach. — On  opening  the  stomach,  three  or  four  large  blood-clots  were 
removed.  The  mucosa  is  not  thickened  at  any  point,  and  there  are  no 
evidences  of  ulceration. 

Duodenum. — The  duodenum  contains  a  mass  of  blood-clot,  but  there  is 
no  thickening  of  the  walls  or  evidence  of  ulceration. 

As  there  are  no  definite  pathological  findings  in  the  abdomen,  it  is 
necessary  to  open  the  chest.  On  removal 
of  the  breast-plate,  a  large  mass,  about  the 
size  of  a  fist,  is  seen  in  the  mediastinum 
just  above  the  base  of  the  heart.  This  is 
quite  firm  in  consistency,  and  apj)ears  to 
involve  the  various  structures  of  this 
region. 

The  heart,  aorta,  and  oesophagus,  in-  f- 
cluding  the  mediastinal  mass,  are  removed 
intact.  The  heart,  aorta,  and  crsophagus 
are  laid  open.  On  the  inner  and  anterior 
wall  of  the  (tsophagus,  at  a  i)oint  opposite 
the  arch  of  the  aorta,  there  is  foimd  an 
irregular  small  opening  a  quarter  of  an  inch 
in  diameter.  This  opening  is  found  to  be 
filled  with  blood-clot,  which  becomes  con- 
tinuous with  a  large  clot  that  is  present  in 
the  oesophagus.  This  opening  leads  into 
the  cellular  tissue  of  the  mediastinum 
between  the  oesophagus  and  arch  of  the 
aorta.  Examination  of  the  arch  of  the 
aorta  reveals  a  small  irregular  ojiening  an 
eighth  of  an  inch  in  diameter,  situated  \\ 
inches  to  the  left  of  the  great  vessels  that 
go  to  the  head  and  neck.  This  ojiening 
also  is  found  to  lead  into  the  same  cellular 
tissue  as  the  opening  in  \the  oesophagus. 
The  involved  cellular  tissue,  which  consti- 
tutes a  mass  between  the  oesophagus  and 
arch  of  the  aorta  2  by  2|  inches  in  diameter, 
is  infiltrated  with  blood-clot.  Further  ex- 
amination reveals,  lying  in  this  space,  a 
flattened  piece  of  metal.  1  \  inches  in  length, 
and  sharpened  at  both  ends. 

Post-mortem  Diagnosis.  —  Ha-morrhage 
from  injury  produced  to  the  walls  of  the 
oesophagus  and  aortic  arch  by  a  piece  of 
metal. 

The  accompanying  figures  {Fig.  404)  illustrate  the  autopsy  findings  and 
the  cause  of  the  clinical  picture.  The  perforation  of  the  aorta  allowed  blood 
to  pass  into  the  oesophagus  ;  this  trickled  into  the  stomach,  and  after  collect- 
ing, ^cither  i^assed  into  the  intestine,  giving  rise  to  mekTua,  or  was  vomited. 


Fig.  404. — Specimen  showing  the 
wounded  cpsophagus  and  aorta. 
A,  QtlsophagiLs.  B,  Aorta.  C.  Left 
ventricle.  D,  Opening  through  oeso- 
phageal wall.  E.  Opening  in  aortic 
wall.  F.  Space  in  mediastinal  tissue 
filled  with  clot  in  which  the  piece  of 
metal  wa.s  found.  G.  Probe  indicating 
course  traversed  bv  the  piece  of  metal. 
(X  h) 


Piece  of  metal  causing;  the  wounds. 
{Actual   size. ) 
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A    CASE    OF    TWO    ANEURYSMS    RESULTING    FROM 

PENETRATION     BY    A    SMALL     SHELL    FRAGMENT,    ONE    OF 

THE    FIRST    PART    OF    THE    RIGHT     SUBCLAVIAN, 

THE    OTHER    OF    THE    AORTA. 

By  Lieutenant-Colonel  GILBERT  BARLING,  R.A.M.C. 

Patient,  age  33.  was  admitted  to  No.  1  Australian  General  Hospital,  April 
11,  1917,  Avith  a  diffuse  suj^raclavicular  swelling  on  the  right  side,  and  with 
a  small  wound  two  inches  above  the  middle  of  the  right  clavicle.  The  skin 
over  the  swelling  was  somewhat  reddened  and  tumid,  jiitting  slightly  on  pres- 
sure. A  thrill  could  be  felt  all  over  the  area,  and  the  murmur  was  conducted 
more  plainly  towards  the  angle  of  the  jaw  than  towards  the  axilla.  Slight 
difficulty  in  swallowing  existed  ;  there  was  a  little  dyspnoea  from  time  to 
time  ;  the  right  pupil  was  contracted  ;  and  there  was  some  hoarseness  which 
suggested  interference  with  one  of  the  vocal  cords,  but  the  condition  was  not 
ascertained  by  laryngoscopic  examination. 

On  April  15  the  general  swelling  had  diminished  considerably,  leaving  a 
well-defined  tumour  about  the  size  of  a  tangerine  orange  beneath  and  external 
to  the  lower  part  of  the  right  sternomastoid.  The  thrill  remained  as  before, 
and  the  murniur  had  in  some  degree  the  buzzing  character  usually  associated 
with  arterio-venotis  conmiunications. 

Radiography  showed  a  foreign  body  at  about  the  level  of  the  second  left 
costal  cartilage  and  an  inch  to  an  inch  and  a  quarter  from  the  middle  line  ; 
it  was  observed  to  move  with  the  heart-beat,  but  no  localization  as  to  depth 
was  carried  out.  Physical  signs  indicated  fluid  in  the  right  pleura  to  the 
level  of  about  the  fifth  rib  posteriorly,  and  there  was  some  displacement  of 
the  ajjex  beat  outwards. 

On  April  26,  the  notes  say,  "  The  size  of  the  tumour  has  imdergone  no 
further  change,  but  the  skin  over  it  is  reddened  and  a'dematoiiS,  and  there  is 
a  little  purulent  discharge  from  the  entrance  wound.  The  temperature  is 
100-6°  this  morning.  The  radial  and  temporal  pulses  on  the  right  side  are 
smaller  than  on  the  left."  In  view  of  the  inflamed  condition  over  the 
ancurj'sm,  it  M^as  thought  unsafe  to  transmit  the  patient  to  England. 
Operation  was  therefore  determined  upon,  and  was  carried  out  on  April  28, 
with  the  assistance  of  Colonel  Pilcher  and  Lieutenant-Colonel  Quick. 

On  two  previous  occasions  i  I  had  exposed  the  iimominate  artery  by  an 
angle  incision,  the  vertical  limb  along  the  anterior  border  of  the  sternomastoid, 
the  horizontal  along  the  inner  portion  of  the  clavicle  ;  in  these  two  cases  the 
division  of  the  artery  was  so  high  that  the  access  attained  was  sufficient  without 
removal  of  any  part  of  the  manubrium.  The  same  incision  was  now  adopted  ; 
but  the  division  in  the  innominate  was  lower  than  in  my  previous  experience, 
so  by  means  of  Hey's  saw  and  gouge  forceps  part  of  the  upper  jiortion  of  the 
sternum  was  removed.  The  common  carotid  Avas  exposed,  and  followed 
down  into  the  innominate.  Here,  as  when  the  innominate  was  exposed,  the 
utmost  difficulty  was  experienced  in  separating  the  vessel  from  its  accompany- 
ing vein.     By  much  expenditure  of  time  this  was  eventually  accomplished 
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safely.  The  sheath  of  the  innominate  was  cleared  from  the  vessel,  the 
aneurysm  needle  was  passed  round  the  artery  ready  to  recei\e  the  ligatiue. 
and  all  difficulties  seemed  to  be  surmounted,  when  there  was  a  terrific  gush 
of  blood  coming  from  below  the  level  of  the  aneurysm  needle.  This  was  with- 
drawn, and  the  haemorrhage  controlled  with  the  fingers.  Attempts  with 
forceps  to  close  the  source  of  the  bleeding  were  followed  by  further  hjemor- 
rhagc,  absolutely  flooding  the  wound,  and  the  finger  passed  into  a  cavity, 
the  nature  of  which  was  uncertain,  whether  superior  vena  cava,  an  auricle, 
or  part  of  the  aneurj^smal  sac.  A  small  dry  wound-swab  was  therefore  packed 
firmly  over  the  area  whence  the  bleeding  came,  other  swabs  were  used  to  fill 
the  wound  cavity,  and  the  patient   was  returned  to   bed   in   fair  condition. 

Examination  showed  that  pulsation  in  the  subclavian  aneurysm  had 
ceased,  and  the  right  radial  pulse  was  absent.  At  the  moment  it  appeared 
that  the  manipulations  had  disturbed  clot,  which  had  plugged  the  wound  in 
the  artery  ;  but  possibly  the  change  in  the  aneurysm  and  radial  pulse  was 
due  to  the  firm  pressure  of  the  plugging  on  the  origin  of  the  subclavian. 

On  the  second  day  some  of  the  swabs  were  removed,  others  on  the  follow- 
ing days,  and  it  was  intended  to  attempt  to  complete  the  operation  on  the 
seventh  day  after  the  first  failure.  On  the  fourth  day  the  patient  was  evidently 
losing  ground  ;  his  breathing  was  more  distressed  :  and  on  the  fifth  day  59 
ounces  of  sterile  blood-stained  fluid  were  withdrawn  from  the  right  pleura. 
There  was  no  real  amendment,  however,  and  death  occurred  on  the  sixth 
day,  without  return  of  haemorrhage. 

At  the  autopsy,  the  wound,  mediastinum,  pleura*,  and  pericardium 
appeared  to  be  uninfected.  The  heart,  the  great  vessels,  the  subclavian 
aneurysm,  and  the  first  rib  were  removed  in  a  mass.  A  radiograph  showed 
the  foreign  body  in  .situ,  and  it  was  eventually  identified  in  the  wall  of  the 
jMilmonary  artery  just  where  the  latter  leaves  the  right  ventricle. 

Dissection  showed  that  the  external  aneurysm  was  due  to  a  wound  of 
the  first  part  of  the  subclavian  artery  and  vein.  The  sac  of  the  aneurysm  was 
filled  with  firm  laminated  clot,  and  it  is  doubtful  if  there  was  any  current 
through  it  at  the  time  of  death.  A  second  aneurysm  was  found  arising  pos- 
teriorly from  the  arch  of  the  aorta  just  where  the  first  and  second  portions 
join  :  this  sac  was  also  filled  with  firm  laminated  clot,  and  it  is  clear  that  there 
was  scarcely  any  current  through  the  sac. 

The  missile,  in  its  passage  downwards  and  inwards  from  its  point  of 
entry,  wounded  the  first  part  of  the  subclavian,  passed  across  the  arch  of 
the  aorta — this  vessel  showing  woiuids  of  entry  and  exit — and  then  lodged 
in  the  root  of  the  pulmonary  artery  without  jienctrating  to  the  interior  of 
that  vessel. 

As  the  innominate  vein  and  superior  vena  cava  were  intact,  I  can  only 
conclude  that  in  passing  the  aneurysm  needle  round  the  innominate,  the  root 
of  that  vessel  was  somewhat  raised,  and  tore  the  edge  of  the  second  aneurj^smal 
sac,  and  that  from  this  source  the  haemorrhage  occurred. 
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REVIEIVS    AND    NOTICES     OE    BOOKS. 


MallnserinK :  or,  The  Simulation  of  Disease.  By  A.  Bassktt  Jonks,  M.B.  Loud.,  and 
Li.invKLYN  J.  Llkwki.lyn,  M.B.  Lond.  :  witli  a  chapter  on  Malingering  in  Relation  to 
Eye  Diseases  by  \V.  M.  Beaumont.  Large  8vo.  V\t.  708,  5  plates.  1917.  Ix>ndon  : 
Willuim  Heinemann.     25s.  net. 

A  MOST  careful  and  exhaustive  treatise  upon  the  subject  by  the  well-known  authors 
of  the  treatise  on  fibrositis.  It  well  deserves  a  place  in  the  library  of  every  medical 
man  who  is  enj^aged  in  Workmen's  Compensation  practice.  After  introductory' 
chapters  dealing  with  the  historj%  legal  aspects,  psychology,  and  diagnosis  of  malinger- 
ing, the  subject  is  considered  in  relation  to  diseases  of  the  nervous  system,  internal 
diseases,  accidental  injuries,  infections,  and  hernia,  and  it  concludes  with  a  section 
dealing  with  measures  for  the  restriction  of  malingering.  From  a  surgical  point  of 
view  the  articles  on  sprained  back  and  allied  conditions,  and  those  on  the  injuries 
of  the  joints,  are  the  most  valuable.  The  whole  work  is  marked  by  wealth  of  detail, 
a  high  degree  of  critical  judgement,  and  scholarly  finish,  and  it  will  prove  a  most 
valuable  work  of  reference. 


Emergency  Surgery.  By  .John  \V.  Sluss,  A.M.,  M.D.,  F.A.C.S.,  Associate  Professor 
ot  .Surgery,  Indiana  I'niversity  School  of  Medicine.  Fourth  edition.  I'p.  827,  with 
085  illustrations.     1917.     London  :    William  Heinemann.     17s.  6d.  net. 

The  author  tells  us,  in  the  preface  to  the  first  edition,  that  "  this  is  a  Surgery  for  the 
general  practitioner  ;  written  not  to  instruct  his  leisure  hour,  but  in  the  hope  some 
time  to  serve  as  a    guide  out   of  uncertainty  in  a   time  of  stress." 

The  work  is  a  little  diflicult  to  criticize  from  the  point  of  view  of  the  general 
practitioner  in  this  country,  to  whom  it  might  have  been  made  more  valuable  by 
elaborating  the  technique  of  operations  he  is  likely  to  be  called  upon  to  treat 
by  himself,  and  omitting  that  of  others  with  which  it  is  hardly  likely  that  he 
will  have  to  deal  personally.  In  America,  the  land  of  vast  distances,  it  is  no  doubt 
not  only  possible  but  probable  that  the  general  practitioner  may  be  called  upon  to 
undertake  any  or  every  form  of  emergency  surgery ;  but  in  this  country,  specialist 
help  is  always  so  near  at  hand  that  much  of  the  material  in  the  book  will  be  quite 
wasted  upon  the  general  practitioner.  The  attempt  to  cover  such  a  wide  field  has 
necessarily  made  the  details  of  the  minor  surgical  methods  rather  meagre,  so  that 
the  book  cannot  vie  on  the  one  hand  with  such  a  volume  as  Lejars'  Chirurgie 
d'Urgence,  or,  on  the  other  hand,  with  the  many  excellent  manuals  of  minor  sur- 
gery that  are  to  be  found  in  this  country.  As  an  example  of  what  is  perhaps 
imlikely  to  be  of  use  to  the  general  practitioner,  we  may  instance  the  elaborate 
directions  for  exposure  and  repair  of  individual  nerves.  Surely,  the  most  the  general 
practitioner  is  called  upon  to  do  is  to  re-unite  nerves  divided  in  a  wound  ;  the 
rest  is  a  matter  for  a  skilled  surgical  specialist.  Similarly,  bone-plating  and  the 
operative  treatment  of  fracture  of  the  patella  are  not  matters  that  fall  commonly 
within  the  province  of  the  general  practitioner. 

Among  points  that  are  not  quite  in  accord  with  modern  practice  may  be  noted 
the  passage  of  drainage  tubes  across  the  knee-joint  beneath  the  patella  (p.  458),  and 
the  drainage  of  an  empyema  in  a  child  without  removal  of  a  portion  of  rib. 

There  is  an  extensive  section  dealing  with  the  surgery  of  gunshot  wounds. 
This  can  hardly  be  deemed  a  matter  for  the  general  practitioner,  and  would  have 
been  better  omitted.  There  are  not  enough  definite  details  to  make  it  valuable  to 
the  army  surgeon,  and  it  is  altogether  too  voluminous  for  the  rare  gunshot  injuries 
of  civil  life. 
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Nerve  "Wounds :  Symptomatologry  of  Peripheral  Nerve  Lesions  caused  by  "War 
Wounds.  By  J.  TiNEL,  late  Chef  de  Clinique  at  I^  Salpetrierc,  with  Preface  by 
Professor  Dejerixe  ;  translated  by  Fred.  Rothwell  ;  revised  and  edited  by 
Cecil  A.  Joll.  Pp.  xii  -^  317,  with  323  illustrations.  London  :  Bailliere,  Tindal 
&  Cox.     15s.  net. 

Tins  work  represents  the  outcome  of  the  examination  by  both  clinical  and  laboratory' 
methods  of  a  number  of  militarj'  cases.  It  is  a  publication  only  made  possible  by 
the  co-operative  work  of  a  group  of  clinicians. 

It  deals  chiefly  with  the  details  of  639  cases,  and  the  French  text  of  which  it  is 
the  translation  appeared  only  a  little  more  than  a  year  after  the  outbreak  of  the  war. 
The  very  careful  details  given  and  illustrated  of  the  different  symptoms,  paralytic, 
functional,  and  contract ional,  form  a  more  precise  picture  of  the  various  lesions 
than  has  ever  before  been  published.  The  happy  association  of  anatomical  descrip- 
tion with  clinical  illustration  makes  the  work  very  convincing.  The  first  section 
deals  with  general  principles,  including  the  histology  of  divided  and  regenerating 
nerves,  and  the  general  principles  of  diagnosis.  The  second  and  third  parts  describe 
the  various  lesions  of  the  special  ner\'es  of  the  upper  and  lower  limb.  Of  particular 
value  is  the  distinction  of  the  different  groups  of  symptoms  associated  with  various 
degrees  of  nerve  interruption  :  these  being  complete  interruption,  compression, 
irritation  or  neuritis,  and  the  neuralgic  type. 

From  a  surgical  point  of  view,  the  most  serious  criticism  we  have  to  make  is 
that  the  section  devoted  to  treatment  is  compressed  into  about  seven  pages.  It  is 
a  matter  of  urgent  importance  that  an  authoritative  statement  should  be  made  as 
to  the  essentials  in  o|>erative  technique,  and  that  this  should  be  founded  not  merely 
on  personal  opinion,  but  upon  the  actual  results  observed  at  long  periods  after  opera- 
tion. According  to  the  present  authors,  spontaneous  recovery-  takes  place  in  over 
sixty  per  cent  of  all  cases,  and  therefore  surgical  intervention  is  not  called  for  unless, 
at  a  i>eriod  of  several  months  after  injur>-,  there  is  no  evidence  of  regeneration  in 
the  peripheral  segment.  Clear  indication  is  given  that  direct  end-to-end  suture 
after  excision  of  neuromata  is  the  ideal  to  be  aimed  at  by  operation.  The  use  of  a 
sensory  nerve  as  a  graft  is  considered  to  be  justified,  but  no  cases  are  quoted  to 
sustain  this  opinion.  The  use  of  flaps  of  living  or  dead  tissue  to  surround  the 
joined  nerve  is  condemned.  The  numerous  illustrations  are  clear,  and  add  a  great 
value  to  the  best  book  on  the  subject  which  we  possess  at  present. 


Massaere,  its  Principles  and  Practice.  By  James  B.  Mennell,  M..\.,  M.D.,  Medical 
Officer  Physico-therapeutic  Department,  St.  Thomas's  Hospital  and  London  Military 
Orthopaedic  Hospitals.  With  an  Introduction  by  Sir  Robert  Jones,  Military  Inspector 
of  Orthopaedics.  Pp.  xvi  +  352,  with  135  illustrations.  1917.  London  :  J.  &  A. 
Churchill.     8s.  6d.  net. 

Du.  Mennell  is  an  enthusiast,  but  a  very  sane  enthusiast,  and  the  present  work 
greatly  gains  from  this  fact.  It  is  not  intended  as  a  text -book  for  teaching  massage, 
but  rather  as  a  presentation  of  the  role  of  massage  in  the  treatment  of  disease,  and 
a  discussion  of  its  rationale. 

The  whole  principle  of  successful  orthopaedic  treatment  is  now  recognized  to 
be  a  close  co-operation  between  the  different  methods,  surgical,  physico-therapeutical, 
and  mechanical.  It  is,  however,  given  to  but  few  to  be  able  quite  intelligently  to 
prescribe  and  carry  out  all  these  different  forms  of  treatment.  The  surgeon  must 
be  dependent  upon  experts  in  massage  and  in  electricity  for  the  carrying  out  of 
these  particular  methods  ;  but  he  must  know  sufficient  both  of  principles  and 
details  to  be  the  master  and  not  the  servant  of  the  experts.  The  author  has 
never  lost  sight  of  the  teaching  of  the  French  surgeon,  Lucas-Championniere,  which 
was  to  the  effect  that  the  great  value  of  massage  is  its  reflex  or  nervous  influence  as 
a  soothing  agent,  and  that  movement,  natural  and  free,  painless  and  voluntar\-,  is 
the  end  and  object  of  all  massage  treatment. 

We  admit  that  we  are  wholly  converted  to  these  views,  and  we  most  heartily 
hope  that  Dr.  Mennell  will  convince  all   those  who  have  to  practise  massage   for 
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military  patients.  That  massage  is  only  a  means  to  an  end,  and  that  tiiis  end, 
namely,  vohmtary  movement,  should  be  borne  in  mind  from  the  very  outset,  is  most 
important.  Hut  the  other  point — which  is  still  more  often  overlooked,  and  which 
we  should  imajiine  is  not  accepted  by  many  of  the  teachers  and  practitioners 
of  massatre — that  massage  should  be  primarily  sedative  and  not  stimulant,  is 
equally  important. 

The  book  is  concerned  for  the  greater  part  in  considering  the  massage  treatment 
of  injured  limbs,  but  it  contains  also  a  consideration  of  its  relation  to  nervous, 
circulatory,  and  digestive  disorders. 

The  chapters  relating  to  physical  exercises  deal  almost  entirely  with  a  sim))Ie 
type  of  pulley  machine,  whereby  all  ordinary  exercises  can  be  carried  out  by  the 
patient  with  a  very  compact  and  sim))le  gymnastic  outfit.  But  we  think  that  how- 
ever admirable  this  system  of  resisted  movements  may  be,  it  does  not  fulfil  all  the 
functions  which  other  systems  such  as  Zander's  perform.  We  quite  realize  that 
the  author  disapproves  of  these  systems,  but  we  think  the  book  would  have  been  of 
greater  value  if  he  had  taken  the  trouble  to  discuss  the  theory,  possibilities,  and 
limitations  of  the  various  pendidum  machines. 


SHOUT     NOTES     ON     BOOKS. 


Ligations  and  Amputaiions.  By  Prof.  A.  Broca,  translated  by  Ernest  Ward, 
F.R.C.S,  Pp.  282.  510  illustrations.  1916.  Bristol  :  John  Wright  &  Sons  Ltd. 
8s.  6d.  net.  This  book  was  favourably  reviewed  on  the  appearance  of  the  original  in 
French.  It  represents  the  classical  teaching  of  Farabeuf,  many  of  the  illustrations 
being  from  this  author's  work.  It  is  imdoubtedly  a  most  valuable  book  at  the 
present  moment  because  of  its  clearness,  precision,  and  brevity. 

A  Handbook  of  Surgical  Operations  for  the  use  of  Students.  By  K,  K.  Chatterji. 
Pp.  229,  plates  26,  many  in  colours.  1916.  Calcutta  :  Butterworth  &  Co.  (India) 
Ltd.  7s.  d6.  net.  A  short  and  concise  account  of  the  ordinary  operations  performed 
on  the  dead  subject,  illustrated  by  numerous  diagrammatic  figures. 

Acute  Appendicitis.  By  C.  Hamilton  Whiteford.  Pp.  72.  1917.  London  : 
Harrison  &  Sons.  4s.  net.  A  small  book  representing  the  result  of  the  author's 
experience  for  over  twenty-five  years  ;  his  general  remarks  are  so  much  in  consonance 
with  ordinary  teaching  that  it  is  difficult  to  select  any  special  points  for  notice. 
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JOHN    ARDERNE. 

1307-1380  (?). 

John  Ardeene  is  the  first  English  surgeon  of  whom  we  have  any  detailed 
knowledge  at  present.  He  lived  so  early  in  the  history  of  English  surgery 
that  he  shows  traces  of  the  barren  Saxon  period  when  charms  and  wort  cunning 
were  prevalent,  intermingled  with  the  more  fertile  scientific  methods  derived 
from  the  schools  of  Salernum  and  Montpellier — methods  which  rendered 
possible  the  work  of  Lanfrank  in  Italy,  of  de  Mondeville  in  Paris,  and  of  Gui 
de  Chauliac  at  AWgnon.  Arderne  lived  through  the  fourteenth  century,  and 
was  essentially  a  general  surgeon  practising  amongst  all  classes,  first  in  the 
wars,  then  at  Newark,  and  last  of  all,  as  an  old  man,  in  London.  He  was 
held  in  high  esteem  by  his  contemporaries,  who  admitted  him  to  the  Guild 
of  Surgeons  in  London  ;  and  his  teaching  was  so  greatly  appreciated  by  his 
successors,  that  numerous  manuscripts  of  his  writings  still  exist,  both  in 
Latin  and  in  English  translations. 

Born  in  1307,  he  was  certainly  writing  as  late  as  1376,  and  perhaps  for 
some  years  afterwards.  He  thus  lived  through  the  reign  of  Edward  III,  and 
being  attached  to  John  of  Gaunt,  he  knew  jjersonally  many  of  the  heroes  of 
the  Hundred  Years'  War,  men  whose  names  are  household  words,  for  they 
live  for  ever  in  the  pages  of  Jean  le  Bel  and  of  Froissart.  At  a  time  when 
chivalr\^  reached  its  highest  development,  Arderne  lived  with  the  most  chival- 
rous. He  seems  to  have  visited  Flanders,  Algeciras,  and  Guienne,  and  gives 
a  few  facts  about  his  experiences  in  each  place.  He  settled  at  Newark  on 
Trent  in  1349,  perhaps  because  the  ravages  of  the  Black  Death  caused  a 
temporary  cessation  of  hostilities  in  France  and  compelled  the  military 
surgeons  to  seek  a  more  peaceful  livelihood.  He  practised  at  Newark  luitil 
1370,  when  he  moved  to  London  and  was  admitted  into  the  Fellowship  of 
Surgeons,  a  small  guild  distinct  from  the  Fellowship  of  Barbers.  The  existing 
writings  of  Arderne  are  dated  after  his  settlement  in  London,  and  are  a  series 
of  tracts,  or  monographs  as  they  would  now  be  called,  dealing  v^-ith  subjects 
of  medical  and  surgical  interest.  It  is  clear  from  these  articles  that  fistula 
resulting  from  spear  and  arrow  wounds  interested  him,  but  he  had  no  know- 
ledge of  gunshot  injuries.  The  knights  and  gentlemen  wore  heavy  armour,, 
spent  many  hours  in  the  saddle  in  all  weathers,  and  were  much  constipated. 
They  often  suffered  therefore  from  ischiorectal  abscess  followed  by  fistula  in 
ano.  Arderne  boldly  invented  and  used  the  operation  of  incision  for  fistula, 
and  was  so  far  in  advance  of  his  time  that  it  fell  into  disuse  after  his  death, 
and  was  not  revived  for  nearly  five  hundred  years.  His  patients  ate  and 
drank  to  excess,  so  he  wrote  a  treatise  on  gout,  and  another  on  the  diet  of 
those  with  disease  of  the  kidney.  Scabies  then,  as  now,  was  the  scourge  of 
camps,  and  he  gives  many  directions  for  its  cure.  Gonorrhoea,  or  '  brenning,'^ 
was  frequent,  but  of  syphilis  there  is  no  hint.  Hysteria  or  '  strangling  of 
the  matrice  '  he  knew  well  and  treated  drastically. 
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He  had  learnt  the  j?rcat  secrets  of  success  in  surgery :  fearlessness  as 
regards  bleeding;  cleanliness;  infrequent  dressing  of  wounds.  These  points 
are  easy  for  us  to  grasp,  but  were  most  difficult  for  mediaeval  surgeons, 
who  had  no  means  of  arresting  h.Tmorrhage,  and  who  had  been  taught  for  ages 
that  wounds  could  only  heal  properly  if  they  sup})urated  and  so  discharged 
their  venom.  In  addition  to  his  skill  as  a  surgeon,  Ardernc  was  endowed  with 
a  sound  common  sense  which  enabled  him  to  recognize  the  limits  of  his  art, 
and  when  a  case  was  incurable  he  did  not  hesitate  to  express  his  opinion, 
even  if  he  lost  his  patient  by  so  doing.  Arderne  recognizes  several  clearly 
defined  grades  of  medical  practitioner.  There  was  the  '  lady,'  who  gave 
simple  advice  and  treatment ;  the  apothecary,  who  sold  drugs  and  plasters  ; 
the  leech,  sometimes  skilful,  more  often  foolish,  who  treated  the  patient  before 
he  brought  him  to  the  master  surgeon — such  an  one  as  John  Arderne  himself ; 
lastly,  the  physician,  with  whom  the  master  surgeon  often  consulted,  and 
seemingly  on  more  equal  terms  than  was  the  case  several  generations  later. 

Arderne  lays  down  two  cardinal  rules  for  wound  treatment.  The  spelling 
is  modernized,  the  sentiments  are  his  own  :  "  To  a  leech  be  this  a  rule,  that 
corrosiv  e  powder  be  never  removed  in  a  wound  or  an  ulcer  until  it  comes  out 
of  its  own  accord.  Also  there  is  another  rule  in  w^hich  I  have  seen  err 
in  my  time  almost  all  men  not  practical  but  fools  :  that  is  to  say,  of  the 
frequent  dressing  of  wounds  or  ulcers.  Such  dressing  speedeth  not  the  cure 
but  preventeth  it.  And  when  such  idiots  be  openly  knoAvn  and  not 
reproved,  they  vex  themselves  and  their  patients  by  their  ignorance.  He  is 
a  leech  in  name  but  not  in  discretion  who  uncunningly  dresses  a  sore  twice 
in  a  day.  Galen  sayeth  the  tree  plant  that  is  often  changed  shall  not  recover, 
and  Hippocrates  sayeth  the  wound  becometh  less  healthy  which  is  often 
re-dressed.  Wounds  therefore  show  such  men  to  be  idiots  who  are  diligent 
and  busy  when  it  would  profit  more  to  both  parties  to  rest  than  to  labour 
in  vain.  They  say  the  weather  is  hot,  or  the  wound  runneth  or  stinketh 
strongly,  and  therefore  it  is  better  to  dress  it  often.  This  is  untrue  and 
followeth  not,  for  though  they  say  that  the  wound  runneth  strongly,  and 
that  the  oftener  it  is  dressed  the  better — that  is  to  say  twice  or  thrice  in  a 
day — it  is  not  so,  for  such  treatment  preventeth  the  coming  out  of  the 
matter,  and  the^ wound  or  botch  is  made  worse,  as  is  shown  by  experience. 
Let  a  leech  be  content  with  one  dressing  a  day,  and  when  he  seeth  a  wound 
or  an  ulcer  well  cast  out  its  discharge  and  the  swelling  for  to  vanish  away 
and  the  aching  for  to  cease  and  the  member  to  come  again  to  its  first 
habit  and  colour,  health  is  at  the  door  if  the  patient  be  well  governed,  i.e., 
if  he  sleep  well  o'  nights.  Often  times  in  many  cases  I  was  not  wont  to 
re-dress  a  wound  but  from  the  third  day  unto  the  third  day,  and  I  sped  well 
and  cured  many  difficult  cases  which  had  been  forsaken  by  other  men." 

Ardcrne's  operation  for  fistula  is  a  modification  of  the  method  recom- 
mended, but  apparently  not  used,  by  Albueasis  (d.  1013),  Avho  taught  that 
complete  fistula  was  incurable,  and  that  all  operations  and  application  of 
ointments  were  but  labour  in  vain.  Arderne  recommended  that  a  clean 
incision  should  be  made  through  the  fistula  instead  of  fretting  it  through 
with  a  ligature  tied  tightly,  as  was  done  by  all  his  predecessors,  contem- 
poraries,   and    successors.      For  this  purpose   he  placed   the  patient   in   the 
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lithotomy  position,  and  passed  a  probe  through  the  fistula  until  it  was  felt 
in  the  rectum.  The  eye  of  the  probe  was  threaded  with  a  ligature  of  four 
strands,  which  was  dra\\'n  along  the  fistula  as  the  probe  was  pulled  out 
of  the  rectum,  until  one  end  hung  out  of  the  anus,  the  other  from  the 
external  opening  of  the  fistula.  The  two  ends  were  knotted  together,  and 
were  tightened  by  means  of  a  peg  fixed  into  the  widest  part  of  a  gorget, 
in  the  same  way  that  a  violin  peg  tightens  the  string  passing  roimd  it.  The 
ligature  was  used  partly  to  control  the  bleeding  and  partly  to  maintain  a 
correct  line  whilst  the  fistula  was  di\ided.  The  gorget  was  now  pushed  well 
into  the  fistula,  and  a  grooved  director  with  a  curved  end  was  passed  along  it 
until  the  end  projected  into  the  rectum.  A  shield  with  a  depression  in  its 
centre  was  then  passed  through  the  anus  imtil  the  grooved  director  engaged 
in  the  depressed  notch.  The  shield  prevented  the  surgeon  cutting  down  on 
his  own  finger,  and  at  the  same  time  protected  the  opposite  wall  of  the  rectum 
in  case  the  patient  struggled  or  made  any  sudden  movement  at  the  moment 
the  fistula  was  divided.  A  scalpel  was  passed  along  the  groove  in  the  director, 
and  the  fistula  was  cleanly  di\'ided  along  its  whole  length  by  drawing  the  knife, 
the  director,  and  the  shield  out  of  the  rectum  with  a  single  movement,  the 
ligature  coming  away  at  the  same  time.  '*  Then  it  is  to  labour  to  stanch 
the  blood.  First  put  a  sponge,  wet  in  a  little  warm  water  and  well  wrung  out, 
into  the  place  of  the  cutting,  and  hold  it  there  for  it  to  receive  the  blood, 
and  let  it  abide  there  a  good  while.  When  thou  trowest  the  sponge  to  be 
full  of  blood,  remove  it,  and  if  there  be  need,  put  again  another  sponge  or  the 
same  ordained  in  the  foresaid  manner.  And  when  thou  hast  done  thus,  have 
the  patient  raised  warily,  and  make  him  sit  hard  in  a  convenient  place  upon 
the  aforesaid  sponge,  and  doubt  not  but  that  it  shall  be  well  stanched. 
Afterwards,  when  you  deem  it  due  time,  be  the  patient  put  in  a  proper  place 
and  the  sponge  removed,  and  whether  the  blood  be  stanched  or  not,  sprinkle 
it  v\'ith  a  powder  and  apply  clean  and  small  stupes  or  well-teased  cotton 
with  linen  clouts  put  on  above.  Let  him  be  girded  with  a  linen  girdle,  and 
afterward  have  a  list  of  woollen  cloth  bomid  behind  to  the  girdle,  and  let  it 
descend  atAvixt  his  buttocks  upon  the  clouts  covering  the  perineimi  and  be 
it  fastened  to  the  girdle  upon  the  belly  "  [a  T-bandage].  The  cure  was 
aided  by  daily  enemata  of  oil  injected  through  a  wooden  clyster  pipe. 

"  For  the  cure  of  fistula  in  ano,  when  it  is  curable,  ask  of  a  worthi  man 
and  great  an  hundred  marks  or  forty  pound,*  Anth  robes  and  fees  of  a 
hundred  shillings  a  year  so  long  as  he  lives.  Of  lesser  men  forty  pounds  or 
forty  marks  ask  he  without  fees.  And  take  he  not  less  than  an  hundred 
shillings,  for  never  in  all  my  life  took  I  less  than  an  hundred  shillings  for  cure 
of  that  sickness. 

"  And  if  the  patients  or  their  friends  or  servants  ask  by  how  much  time 
he  hopeth  to  heal  it,  evermore  let  the  leech  state  the  double  that  he  expecteth, 
that  is  if  the  leech  hope  to  heal  the  patient  in  twenty  weeks — ^that  is  the 
common  course  of  curing — add  he  so  manv  over,  for  it  is  better  that  the  time 


*  Forty  pounds  in  1367  purchased  an  annual  rent  charge  of  sixty  shillings.     The  value 
of  money  was  probably  ten  to  iBfteen  times  greater  than  it  is  at  the  present  time. 
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be  Icnfjthcned  than  the  cure.  For  prolongation  of  the  cure  giveth  cause  of 
despairing  to  the  patients  when  trust  in  the  leech  is  most  hope  of  recovery. 
And  if  the  patient  consider  or  wonder  or  ask  why  that  he  put  him  so  long  a 
time  of  curing  when  he  healed  him  in  half  the  time,  answer  he  that  it  was 
because  the  patient  was  strong-hearted  and  suffered  well  sharp  things,  and 
that  he  was  of  good  complexion  and  had  able  flesh  to  heal,  and  feign  he  other 
causes  pleasing  to  the  patient,  for  patients  of  such  words  arc  proud  and 
delighted." 

Arderne  records  his  cases  briefly,  and  yet  so  clearly  that  there  is  no 
difficulty  in  making  a  diagnosis.  The  following,  for  instance,  is  a  case  of 
traiunatic  tetanus  with  secondary  hjcmorrhage  :  "A  gardener  while  that  he 
wrought  in  the  vines  cut  his  own  hand  with  an  hook  upon  a  Friday  after  the 
feast  of  St.  Thomas  of  Canterbury  in  the  simimer,  so  that  the  thumb  was 
altogether  departed  from  the  hand  save  only  in  the  jvmcture  that  was  joined 
to  the  hand,  and  he  might  bend  backward  the  thumb  to  his  arm,  and  there 
streamed  out  thereof  much  blood.  And  so  touching  the  cure  ;  the  thumb 
was  first  reduced  into  its  first  order  and  sewed,  and  the  blood  was  restrained 
with  the  red  powder  of  Lanfrank  and  with  the  hairs  of  a  hare,  and  it  was  not 
removed  until  the  third  day  ;  and  on  the  third  day  when  it  was  removed 
there  appeared  no  blood.  Then  was  there  put  thereto  those  medicines  that 
engender  blood,  every  day  once  re-dressing  the  wound,  and  so  it  began  to 
purge  itself  and  to  gather  matter.  And  in  the  fourth  night  after,  the  blood 
brake  out  about  midnight  to  the  weight  of  two  pounds.  And  when  the  blood 
was  restrained  the  wound  was  dressed  again  from  day  to  day  as  it  Avas  at 
first.  Also  in  the  eleventh  night  about  the  foresaid  hour  the  blood  brake  out 
again  in  more  quantity  than  it  did  aforetime,  nevertheless  the  blood  was 
stanched,  and  by  the  morn  the  patient  was  so  taken  with  the  cramp  in  the 
cheeks  and  in  the  arm  that  he  might  receive  no  meat  into  his  mouth,  neither 
could  he  open  the  mouth,  and  so  vexing  the  ])atient.  In  the  fifteenth  day 
the  blood  brake  out  again,  and  in  the  eighteenth  day  the  blood  brake  out 
again  out  of  all  measure,  and  alway  the  cramp  endured  forth,  and  in  the 
twentieth  day  he  died." 

Arderne,  like  most  of  his  contemporaries,  details  the  qualities  to  be 
found  in  a  successful  surgeon,  and  drives  his  meaning  home  in  a  series  of 
apophthegms.  Amongst  other  things,  let  the  ehirurgeon  "  be  foimd  evermore 
sober,  for  drimkenness  destroyeth  all  virtue  and  bringeth  it  to  nought ;  as 
saj'cth  the  wise  man,  'Ebrietas  frangit  quicquid  sapientia  tangit,'  'Drunkenness 
breaketh  Avhat  so  wisdom  toueheth.'  Scorn  he  no  man,  for  of  that  it  is  said, 
'Deridens  alios  non  inderisus  abibit,'  'He  that  scorneth  other  men  shall 
not  go  away  unscorned.'  If  there  be  made  speech  to  him  of  any  leech, 
neither  set  he  him  at  nought,  nor  praise  him  too  much  or  commend  him, 
but  thus  may  he  courteously  answer:  'I  have  not  real  knowledge  of  him, 
but  I  learned  not  nor  heard  of  him  but  what  is  good  and  honest.'  And 
of  this  shall  honour  and  thankings  of  each  party  increase  and  multiply  to 
him;  after  this,  'Honour  is  in  the  honorant  and  not  in  the  honoured.'  In 
as  much  as  he  may,  grieve  he  no  serv^ant,  but  get  he  their  love  and  their 
good  will.  Abstain  he  him  from  harlotry  as  well  in  words  as  in  deeds  in 
every  place,  for  if  he  use  harlotry  in  privy  places,   sometime  in  open  place 
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there  may  fall  to  him  unworship  of  evil  usafl^e,  after  that  it  is  said  'Pede 
super  colics,  pedes  ubi  pedcre  nolles.'  \Vhen  sick  men  cometh  to  the  leech 
to  ask  help  or  counsel  of  him,  make  he  covenant  for  his  travail  [agree  upon 
the  fee]  and  take  it  beforehand.  But  let  him  give  no  certain  answer  in 
any  case  imless  he  first  sec  the  sickness  and  the  manner  of  it.  Have  a  leech 
also  clean  hands  and  well  shapen  nails  and  cleansed  from  all  blackness  and 
filth.  Hear  he  many  things  but  speak  he  but  fevr.  For  a  wise  man  sayeth, 
'It  beseems  more  to  use  the  ears  than  the  tongue.'  And  in  another  place,  'If 
thou  hadst  been  still  thou  hadst  been  holden  for  a  philosopher.'  Also  it 
speedeth  that  a  leech  can  talk  of  good  tales  and  of  honest  that  may  make  the 
patients  laugh  whilst  they  make  or  induce  a  light  heart  in  ye  sick  man.  Dis- 
cover never  the  leech  unwarily  the  coimsels  of  his  patients — as  well  of  men  as 
of  women — nor  set  not  one  to  another  at  nought  although  he  have  cause  to  do 
so,  for  if  a  man  see  thou  hele  [conceal]  well  another  man's  coimsel  he  will 
trust  better  in  thee." 

Arderne  appears  to  be  the  only  contemporary  authority  for  the  story 
of  the  means  by  which  Edward  the  Black  Prince  obtained  the  ostrich  feather 
which  has  since  become  the  cognizance  of  the  heir-apparent  to  the  English 
throne.  The  passage  runs  as  follows  :  "  AVe  can  not  cure  rhagades  unless  the 
remedy  can  be  put  through  the  anus  either  as  a  clyster  or  by  means  of  a  sup- 
pository, since  remedies  applied  outside  are  either  tiseless  or  do  very  little 
good.  We  ought,  therefore,  to  wash  with  stimulating  applications  until  the 
wound  is  clean,  and  afterwards  with  applications  which  both  heal  and  dry, 
as  has  been  already  pointed  out  in  the  chapter  on  Internal  Piles,  to  wit,  where 
Nastar  is  painted — and  Xastar  is  a  kind  of  clyster  or  enema  known  as  a 
clyster-pipe.  The  feather  of  the  Prince  of  Wales  is  also  shown  there,  Aiz.,  on 
the  preceding  page.  And  note  that  Edward,  the  eldest  son  of  Edward  king 
of  England,  bore  a  similar  feather  above  his  crest,  and  he  obtained  the  feather 
from  the  king  of  Bohemia,  whom  he  killed  at  Cressy  in  France.  And  he  took 
the  feather,  which  is  called  an  '  ostrich  feather, '  which  that  most  noble  Lord 
King  had  used  hitherto  to  bear  above  his  crest.  And  in  that  year  when  our 
lord  the  strenuous  and  warlike  Prince  departed  to  God,  I  wrote  this  little  book 
of  mine  Avith  my  own  hand,  viz.,  in  the  year  one  thousand  three  hundred  and 
seventy-six.  And  our  Lord  Edward  the  Prince  died  on  the  sixth  of  June  on 
Trinity  Sunday  at  Westminster  during  the  great  Parliament,  May  God  assoil 
him  for  he  was  the  very  flower  of  chivalry  without  peer  in  the  world." 

There  is  a  curious  sidelight  on  Arderne's  experience  of  the  profligacy  of 
the  times,  when  he  directs,  in  making  the  st\']3tic  powder  called  pulvis 
sanguis  veneris,  that  there  should  be  taken  "  the  blood  of  a  maiden  \nrgin, 
or  of  a  damsel  about  19  or  20  years  which  was  never  with  child  though  she 
be  corrupt,  for  now  in  this  time  ^'i^gins  cometh  full  seldom  to  20  years." 

The  illustration,  showing  a  Master  Surgeon  operating  upon  a  case  of  fistula 
in  ano,  is  copied  by  the  kind  permission  of  the  Trustees  of  the  British  Museum 
from  a  beautiful  copy  of  Arderne's  works  preser\'ed  as  Sloane  MS.  2002.  This 
manuscript  was  probably  made  in  the  early  part  of  the  fifteenth  century-  for 
some  noble  patron. 
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SURGICAL    PATHOLOGY    OF    THE    PERIPHERAL    NERVES. 

By   Captain   SYDNEY  M.   CONE,   M.O.R.C.,   U.S.A. 

Since  being  placed  by  Colonel  Sir  Robert  Jones  in  charge  of  the  pathological 
department  of  Alder  Hey,  in  June,  1917,  all  the  knowledge  of  surgical  pathology 
at  my  command,  aided  by  valuable  work  done  by  others,  has  been  utilized  in 
an  endeavour  to  solve  the  problems  of  nerve  regeneration  in  war  injuries  of 
the  peripheral  nerves.  To  this  end  we  examined  macroscopically  and  micro- 
scopically tissues  from  more  than  two  hundred  cases. 

Material  from  autopsies  on  foetuses,  adults,  and  guinea-pigs  was  used  in 
studying  the  normal  anatomy  of  nerves.  Animal  experimentation  was  carried 
out  to  show  that  the  peripheral  end  of  a  torn  nerve  grew  actively,  and  at  the 
same  time  to  give  us  an  idea  of  the  rate  of  growth.  Nerve  stretching  and  com- 
pressing experiments  showed  how  one  of  the  imsettled  anatomical  points  (the 
Schmidt  incisures)  could  be  well  explained,  and  also  why  the  'barbed,'  'beaded,' 
or  conical  appearance  of  the  larger  fibres  was  more  commonly  seen  in  nerves 
compressed  and  stretched  in  scar  tissue  than  in  normal  nerves.  They 
suggested,  further,  that  these  conical  divisions  of  the  nerve  fibres,  corre- 
sponding to  the  Schmidt-Lantermann  incisures,  had  a  physiological  purpose 
— ^the  continued  insulation  of  the  nerve  when  under  stretch  or  pressure  in 
normal  movements.  The  distinct  outlining  of  these  divisions  (conical  seg- 
ments) was  best  demonstrated  by  the  neurokeratin  stain. 

The  embryo  and  animal  nerves  also  demonstrated  that  what  we  invariably 
saw  in  our  pathological  specimens  as  an  axis-cylinder  sheath  was  a  normal 
structure. 

By  the  animal  experiments  we  were  able  to  prove  that  the  varicose  and 
irregular  branching  appearance  of  the  excised  nerves  indicated  the  youngest 
nerves,  and  that  those  with  conical  structures  were  older.  We  were  also  able 
to  show  that  transplanted  nerves  grew  about  foreign  bodies  such  as  suture 
material — a  fact  which  was  also  noted  in  the  actively  proliferating  fibres  in 
the  pathological  specimens.  The  transplanted  nerves  grew  also  in  the  presence 
of  infection,  a  thing  which  we  rarely  noted  in  the  human  specimens. 

One  of  the  evident  facts  seen  in  our  great  amount  of  material  was  that 
nerves  grew  more  readily  in  fat  than  in  muscle  ;  this  was  also  demonstrated 
in  the  guinea-pig  implants.  That  the  blood-vessels,  both  active  and  throm- 
bosed, were  a  common  leader  for  the  nerve  fibres  was  noted  in  both  the 
pathological  material  and  in  the  guinea-pig  experiments  {Figs.  419,  420,  421). 
Granulation  tissue,  too,  was  demonstrated  to  be  a  fertile  field  for  young  nerve 
growth,  the  fibres  following  the  vessels  {Figs.  418,  447,  453). 

The  neurotropismus  effect  of  neighbouring  nerves  on  a  cut  or  torn  branch 
was  proved  when,  in  a  specimen  transplanted  at  some  distance  from  the 
anterior  crural  nerve,  new  branching  varicose  tendrils  were  seen  in  granulation 
tissue  growing  about  the  crural  nerve. 
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A  negative  result  noted  in  the  ease  of  transplanted  growing  nerves  like- 
wise teaehes  a  lesson.  In  none  of  the  guinea-pig  gro\\-ths  was  there  a  tendency 
to  dense  formation  of  'nerve  callus,'  such  as  occurs  in  the  bulbous  endings  in 
scar  tissue.  Xo  scar  tissue  formed  in  the  experiments,  and  consequently  the 
newly  formed  nerves  were  always  seen  as  separated  fasciculi  or  branching 
tendrils.  It  looks  as  if  opposition  to  gro^vth  tends  to  make  the  nerve  fibres 
more  compact  in  arrangement,  while  not  retarding  their  life  properties  greatly. 

Some  of  the  notable  conditions  in  the  pathological  specimens  concern 
the  growth  and  the  degeneration  of  nerves,  vascular  changes,  phagocytosis, 
the  character  of  connective-tissue  formation  in  and  about  the  nerves,  the 
involvement  of  fat  and  muscle  in  nerve  proliferation,  the  rate  and  location 
of  nerve  groA\i:h,  the  relation  of  nerve  to  en>\Tapping  materials,  the  question 
of  foreign  bodies  in  nerves,  the  jiercentage  of  nerves  in  various  parts  of  the 
excised  nerve,  the  method  of  spread,  and  the  age  of  nerves.  These  will  be 
discussed  in  relation  to  the  various  portions  of  the  excised  nerve  from  which 
the  section  was  taken,  whether  the  central  or  peripheral  end,  the  middle 
portion  (usually  the  obstructing  scar),  or  the  surrounding  adhesions.  Much 
of  interest  to  the  histologist  may  be  observed  in  the  pictures  from  these 
different  portions,  in  which  yoiuig  fibres  will  be  seen. 

Some  of  the  most  interesting  findings  refer  to  the  question  of  nerve 
growth  and  degeneration  in  the  distal  end  of  a  nerve  completely  separated 
from  its  spinal  centre.  The  term  'nerve  callus'  will  be  seen  to  deserve  its 
title,  in  specimens  taken  not  only  from  bulbous  ends  and  side  bulbs,  but  also 
from  within  the  nerve  substance  and  from  adhesions. 

The  phenomena  occurring  in  a  nerve  graft  will  be  found  to  be  of  interest. 
How  sutures  are  taken  care  of  will  be  seen  in  the  guinea-pig  experiments. 
That  foreign  bodies  are  no  insuperable  obstacle  to  new  nerve-formation  is 
demonstrated  in  many  of  the  sections  (Fig.  418). 

METHOD  OF  OBTAINING  MATERIAL. 

The  average  time  after  injury  before  the  patient  came  to  operation  was 
about  eight  months.  A  few  were  operated  on  three  months  after  the  trauma, 
others  two  years  later.  Most  of  the  nerves  were  injured  by  shrapnel  or  bullets  ; 
some  were  torn  by  splintered  bone  ;  others  were  indirectly  involved  by  second- 
ary changes  in  surrounding  tissues,  whether  bone,  skin,  or  muscle,  owing  to 
adhesions  pressing  or  dragging  on  the  nerve. 

The  entire  area  of  apparently  changed  tissue — ^nerve  and  surroundings — 
was  excised  en  masse  until  good  tissue  was  supposed  to  be  left  behind.  The 
nerve-ends  that  were  sutured  are  represented  in  our  pathological  descriptions 
by  the  letters  P  and  D.  P  represents  the  proximal  or  central  clean-cut  section 
across  the  nerve,  at  a  point  where  the  surgeon  thought  he  had  good  '  soft '  nor- 
mal nerve  to  suture  to  D,  the  distal  or  peripheral  end,  where  the  surgeon  made 
a  clean  cut  across  the  nerve  at  a  point  nearest  its  end-organ,  whether  skin  or 
muscle.  At  the  latter  end  also  incisions  were  made  across  the  fibres,  or  what- 
ever was  left  by  the  bullet's  ravages,  imtil  a  soft,  supposedly  'normal'  nerve 
tissue  was  reached  ;  of  course  we  understand  that  at  D  real  normal  original 
nerve  could  not  be  reached  in  a  badly  torn  specimen — torn  enough  to  require 
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suture— for  nerves  degenerate  throughout  the  distal  portion  as  soon  as  discon- 
nected from  their  spinal  centres.  What  is  described  as  D  is  the  piece  adjoin- 
ing the  distal  cud  which  the  surgeon  unites  to  the  other  end  P. 

Gross  Appearance  of  Tissues.^ — The  worst  tissue  is  usually  seen  about 
midway  between  P  and  D,  being  where  the  siu-gcon  had  great  difficulty  in 
freeing  the  conglomerate  mass  of  nerve,  muscle,  and  scar  tissue  from  sur- 
rounding tissues.  This  we  label  M  ;  it  lies  between  two  bulbous  masses, 
the  bulb  nearest  P  usually  being  the  larger  ;  it  often  appears  like  ordinary 
scar  tissue.  This  tissue  of  the  bulb  is  very  hard,  and  grayish-white  in 
colour ;  the  cross-section  is  at  the  first  view  homogeneous,  but  careful 
examination  will  reveal  a  fine  mottling,  due  to  a  slight  translucency  of 
innumerable  fine  gray  points.  This  is  what  we  call  'nerve  callus,'  and  will 
be  shown  to  be  made  up  of  great  numbers  of  fasciculi  of  very  yoiuig  nerves, 
intertwining,  and  separated  by  connective  tissue  of  varying  amount  and  den- 
sity. The  figures  show  that  the  nerve  fibres  in  every  case  exceed  in  amount 
the  mass  of  connective  tissue,  and  van  Gieson's  stain  corroborates  this  {Figs. 
430,    431). 

When  the  nerve  trunk  is  almost  or  completely  severed,  the  proximal 
end  is  usually  bulbed ;  the  distal  end  is  sometimes  bulbed,  but  otherwise 
is  pointed  or  jagged. 

Sometimes,  when  the  surgeon's  dissection  is  completed,  there  may  be 
seen  nothing  but  a  dense  white  constricted  cord  of  tissue  directly  continuous 
with  the  nerve  trunk,  improving  gradually  in  appearance  to  the  point  where 
the  damaged  nerve  was  cut  at  P  and  D. 

There  are  various  grades  of  constriction  and  jaggedness  of  appearance  of 
the  exposed  old  nerve,  according  to  the  amount  and  density  of  the  adherent 
constricting  scar  tissue. 

The  section  across  the  nerve  at  the  central  end,  left  for  suture  to  the  peri- 
pheral segment,  seldom  appears  so  definitely  marked  by  bundles  and  so  well 
defined  by  endo-  and  perineurium  as  normal  nerve.  Seldom  do  the  bimdles 
protrude  on  pressure  as  so  many  comedo-like  excrescences,  but  there  is  a  trans- 
lucency about  the  definite  bundles,  due  to  protoplasmic  and  nuclear  increase. 
Instead  of  the  normal  milky-white  (Sir  Renfrew  White)  definite  lines  or  dots 
or  masses  of  nerve  funiculi,  there  is  a  pinkish-gray  gelatinous  appearance,  as 
of  a  more  vascular,  proliferating,  cellular  nerve  (the  cells  of  nerve  fibres,  con- 
nective tissue,  and  blood-vessels  being  involved).  Often  one  is  compelled  to 
suture  a  proximal  end  that  has  only  faint  markings  of  bundles — the  prolifera- 
tion of  yoimg  nerves  and  connective  tissue  in  the  endo-,  peri-,  and  epineurium 
so  interlacing  with  the  old  bundles  as  to  keep  them  homogeneously  massed 
together.  They  are  grayish-pink  or  grayish- white  according  to  the  prepon- 
derance of  vascular  or  connective  tissue. 

The  distal  cut  section  is  more  commonly  a  homogeneous  grayish-white 
mass,  but  is  very  frequently  marked  by  funiculi — resembling  the  proximal 
section  in  every  respect. 

Not  infrequently,  after  relieving  the  nerve  of  lighter  adhesions,  it  is  seen 
spindle-shaped,  and  grayish-pink  or  grayish-white  in  colour,  depending  on  the 
vascularity,  fibrous  increase,  or  nerve  proliferation  in  this  symmetrical  bulb. 
Again,  a  single  knob,  more  or  less  irregular,  may  be  fovmd.     Two  knobs  (side 
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bulbs)  separated  from  one  another  by  dense  white  connective  tissue  frequently 
indicate  where  a  bullet  cut  through  a  half  or  a  third  of  the  diameter  of  the 
nerve,  leaving  the  torn  fibres  to  recoil  and  grow  as  bidbs  of  '  nerve  callus.' 

The  study  of  this  nerve  callus,  of  the  scar,  the  sutured  ends,  and  adhesions, 
has  been  carried  out  by  every  available  means.  We  have  been  most  careful 
in  marking  the  specimens  to  avoid  confusing  the  P  and  D  ends.  A  suture 
with  a  label  carrying  the  number  of  the  specimen  was  tied  at  the  proximal  end, 
and  the  specimen  was  immediately  placed  in  10  per  cent  formalin  solution  ; 
any  delay  vitiates  the  results.  Sections  were  made  transversely  and  longitudi- 
nally from  the  proximal  end  (P),  the  distal  end  (D),  and  the  middle  (M)  of  the 
excised  nerv'e,  and  from  surrounding  adhesions  (Adh.). 

METHOD  OF    STAINING    SPECIMENS. 

After  six  days'  hardening  in  formalin  (10  per  cent),  the  pieces  were  carried 
through  80  per  cent,  90  per  cent,  and  95  per  cent  alcohols,  100  per  cent 
alcohol  and  ether  (equal  parts),  thin  celloidin  and  thick  celloidin  (one  day 
each).  They  were  then  placed  on  blocks  and  cut  15  to  20  /i  thick,  preserving 
the  sections  in  10  |3er  cent  formalin. 

The  stain  used  was  one  devised  by  the  writer,  and  is  most  valuable  in 
demonstrating  the  youngest  tendrils  and  showing  the  finest  structure  of  the 
nerve  fibres.  It  differentiates  nerves  from  all  other  structures  very  definitely. 
Neurokeratin,  the  fibres'  most  im|K)rtant  and  most  constant  element,  takes  a 
brilliant  mauve  colour  against  an  unstained  connective-tissue  backgroimd.* 
Blood-cells  are  brown,  nuclei  pink,  muscle  pink,  and  fat  unstained.  Kcrato- 
hyalin  and  the  inner  lining  of  hair  sacs  alone  take  the  mauve  colour.  This 
is  an  interesting  comparative  embryological  and  histochemical  fact,  for  nerves 
are,  like  skin,  derived  from  the  epiblast. 

The  method  may  be  summarized  thus  :  Water  1  minute,  carbol  fuchsin 
(Ziehl-Xielsen)  10  minutes,  water  1  minute,  osmic  acid  (10  per  cent)  5  minutes, 
water  1  minute,  acid  alcohol  (2  per  cent)  10  seconds,  water  1  minute,  alcohol 
(95  per  cent)  until  colour  ceases  to  come  away,  alcohol  (100  per  cent)  and 
oil  of  cloves  alternately  until  the  section  appears  deep  pink  and  trans- 
lucent, xylol  2  minutes  ;    mount  in  Canada  balsam. 

This  stain  may  be  used  very  profitably  in  the  study  of  all  tissues  except 
connective  tissue.  Even  in  the  case  of  connective  tissue  we  may,  by  modify- 
ing the  length  of  time  in  osmic  acid,  get  a  deeper  stain  of  the  nuclei  and 
connective-tissue  fibres.  A  great  deal  of  the  value  of  the  method  depends 
on  the  proper  handling  of  the  acid  alcohol.  The  thicker  the  specimen  the 
longer  must  it  be  decolorized  in  acid  alcohol.  One  must  not  forget  that 
the  decolorizing  is  continued  in  the  alcohols  used  to  dehydrate  preparatory 
to  clarifying  in  oil  of  cloves  and  xylol. 

This  method  is  not  designed  for  material  hardened  in  other  agents  than 
formalin,  nor  for  paraffin  work,  yet  I  have  manoeuvred  on  occasions  so  as  to 
get  fair  results  when  compelled  to  use  such  unsatisfactory  material.  Alcohol 
and^  picric  acid  specimens  were  improved  by  leaving  them  twenty-four  hours 

*  Egg  membrane,  which  contains  much  keratin,  takes  the  neurokeratin  stain  deeply. 
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in  formalin.  Paraffin  sections  stain  more  advantageously  when  chloroform 
is  vised  to  dissolve  the  paraffin,  but  the  results  are  uncertain  at  best.  Frozen 
sections  give  excellent  results. 

Although  the  neurokeratin  stain  shows  the  nuclei  fairly  well,  I  found  that 
the  method  used  by  Howell  and  Huber  was  better  adapted  to  the  study  of  the 
multiplication  of  the  nuclei  of  Schwann's  sheath  and  of  protoplasm.  Herie 
I  used  picric  acid  fixation  and  Boehmcr's  hjematoxylin  as  staining  reagent. 
Many  sections  were  stained  by  Stroebe's,  van  Gicson's,  Bielschowsky's, 
Weigert's,  and  Williamson's  methods.  I  used  free  hand  sections  and  teased 
specimens  in  glycerin  mounts  ;  but  as  soon  as  the  carbol-fuchsin-osmic-acid 
(neurokeratin)  method  was  developed,  I  ceased  all  other  ways  of  staining. 

I  found  that  the  gentle  teasing  of  the  specimen  when  on  the  slide  in  xylol 
ready  for  balsam,  helped  me  to  see  tendrils  in  scar  tissue  which  might  otherwise 
have  been  overlooked.  I  also  found  that  tendrils  could  be  teased  and  followed 
for  4  to  5  cm.  after  the  tissue  was  hardened  in  formalin.  Thus  one  was  able 
to  stain  the  specimen,  which  could  not  have  been  done  if  Kiihne's  svdphuric 
acid  'cooking'  method  had  been  used. 

Referring  to  some  irregularities  in  the  staining  of  the  sections,  I  would 
like  to  quote  what  Roussy  and  L'Hermitte  say  about  the  sensitiveness  of  nerves 
to  chemical  changes  :  "  Nerves  are  easily  modified,  and  are  not  readily  studied 
post  mortem,  because  of  chemical  changes.  They  little  resemble  live  ones. 
It  is  necessary  to  use  the  same  technique  in  making  a  comparison  of  normal 
and  pathological  nerves."  I  found  that  with  similar  specimens,  treated  by 
the  same  method,  but  varying  the  time  in  one  or  another  reagent,  the  entire 
nature  of  the  stain  was  changed.  In  the  neurokeratin  method,  the  nuclei 
will  frequently  stain  deep-pink  in  very  cellular  specimens,  the  nerves  not 
showing  at  all ;  if  we  now  vary  the  length  of  time  in  the  acid  alcohol,  we 
reverse  the  result.  This  fact  was  particularly  noticeable  when  using  aniline- 
oil  fuchsin,  osmic  acid,  and  ammonia. 

This  same  method  (neurokeratin  stain)  was  used  in  the  case  of  many 
surgical  pathology  specimens  in  order  to  determine  their  nerve  contents,  as 
well  as  more  definitely  to  discover  the  capacity  and  limitations  of  the  stain. 
Some  of  the  nuclear  changes  in  relation  to  the  axis  cylinders  and  myelin,  noted 
by  Howell  and  Huber  in  their  picric-acid-ha-matoxylin  method,  were  finely 
shown  by  the  stain.  It  looked  very  much  as  if  the  nuclei  were  transformed 
directly  into  the  new  fibres.  Bethe  and  Bowlby  also  made  this  observation. 
It  is  not  an  axis-cylinder  stain,  yet  the  yoimgest  fibres  take  a  homogeneous 
mauve  colour,  as  seen  in  the  five-days-old  varicose  tendrils  and  bulbous  tips 
growing  in  the  granulation  tissue  and  muscle  of  the  transplants  in  the  guinea- 
pigs  {Figs.  449,  450).  As  seen  in  the  pathological  material  (fibrous  scars, 
adhesions,  bulbs,  and  newly-formed  nerve-tendrils  in  old  fibres),  the  mauve 
stain  outlines  by  parallel  fine  lines  a  pink  centre  in  fibres  2  to  3  /x  wide. 
When  the  tendril  is  narrower  or  yovmger,  the  colour  is  not  in  parallel  lines, 
but  is  a  homogeneous  single  line,  bulbed  here  and  there  {Figs.  438,  440,  441). 

Modifications  in  Staining  and  their  Significance.— Not  infrequently  I 
have  been  unsuccessful  in  staining  young  fibres  in  very  cellular  tissues.  Re- 
peated efforts  with  modification  of  the  exposure  to  acid  alcohol  were  success- 
ful.    K^ennedy  has  had  a  similar  experience  (1904).     Similarly,  when  using 
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aniline  stains  with  ammonia,  I  not  infrequently  noticed  that,  of  several  sections 
(all  nerve-containing)  treated  by  the  same  process,  one  might  be  nicely  stained 
while  another  was  not  stained  at  all.  Roussy  and  L'Hermitte  explain  this  by 
the  exceeding  sensitiveness  of  the  nerve  to  chemical  changes.  The  specimens 
were  not  chemically  alike.  I  think  that  much  of  the  misunderstanding  of 
laboratory  workers  comes  therefrom.  Bethe  goes  so  far  as  to  say  that  when 
a  fibre  is  acid-fast  it  is  physiologically  functioning.  I  have  no  doubt  that 
others  will  have  some  trouble  with  the  neurokeratin  stain  until  they  learn  the 
proper  use  of  the  acid  alcohol.  I  never  learned  to  use  Stroebe's  aniline  blue 
stain  ;  Kennedy,  too,  had  to  modify  it  to  suit  himself.  Because  one  does 
not  see  all  structures  present  with  a  special  stain,  it  does  not  follow  that 
another  method  may  not  succeed  in  demonstrating  more.  It  is  a  mistake 
to  say,  after  the  use  of  only  one  method,  that  other  investigations  are  all 
wrong. 

I  think,  with  Roussy  and  L'Hermitte,  the  success  of  nerve  staining  dej^ends 
on  the  immediate  placing  of  fresh  tissues  in  the  hardening  agent.  Chemical 
changes  take  place  very  rapidly  in  nerve  tissue. 

HISTOLOGY     OF     NERVES.* 

Axis  Cylinder. — This  I  regard  as  a  homogeneous  material  in  a  sheath  of  neuro- 
keratin. It  has  been  described  as  a  fluid  ;  a  glassy  jelly-like  substance  which 
forms  granules  (Amdt) ;  a  fibrillar  substance  (Bethe,  von  Bungner)  ;  it  is  composed 
of  discs  (iVUtchell).  Ballanee  and  Stewart  describe  the  young  axis  cylinder  as  beaded 
and  sinuous,  remaining  immature  until  united  to  the  axis  cylinder  of  the  central 
stump.  I  find  a  sheath  about  the  axis  cylinder  at  a  very  early  age — even  in  its 
varicose  state.  That  it  requires  nerves  from  its  own  central  stump  to  cause 
it  to  reach  maturity  can  hardly  be  the  case,  for  Langley  and  RanWer  showed 
that  other  nerves  can  make  connections  with  the  cut  nerves.  Amdt  says  :  ""  The 
axis  cylinder  is  a  cell  l)ody  or  row  of  such  cells  drawn  out  into  a  thread  ...  a  mass 
of  protoplasm  modified  into  a  ground  substance  and  granules  surrounded  by 
a  sheath."  The  normal  diameter  is  said  by  him  to  be  0-5  f^.  The  ground  substance 
impregnates  its  surface  covering,  and  .this  is  neurokeratin. 

Myelin. — This  is  said  to  be  an  insulator  of  the  nerve  (Halliburton,  HoweU, 
Moynihan).  Howell  and  Huber  see  a  j>ossible  relationship  in  the  disappearance  of 
the  nuclei  and  the  myelin  formation.  Kolliker  states  that  the  myelin  formation  is 
influenced  in  some  way  by  the  nuclei. 

I  have  used  the  stains  by  means  of  which  the  myelin  was  studied  by  others. 
With  my  stain  the  adult  myelin  structure  in  the  meduilarj'  sheath  is  outlined  quite 
clearly.  Myelin  is  hard  to  see  or  to  stain  in  the  fibres  1-3  fi  in  size.  At  the  youngest 
period  it  app)ears  as  if  there  is  no  chemical  differentiation  of  neurokeratin  and  myelin. 
The  youngest  (5  to  8-day)  fibres  stain  homogeneously  a  deep  mauve  with  the  neuro- 
keratin stain. 

Joseph  demonstrates  an  intimate  blending  of  the  neurokeratin  network  of 
myelin  and  axis  cylinder.  Kuhnt  describes  this  as  forming  an  axis-cylinder 
sheath  0-1  to  0-15  fi  thick.  Tuckett  believes  that  there  is  neurokeratin  in  the  axis 
cylinder  as  well  as  in  the  medullary  sheath.  Kiihne  first  described  the  neurokeratin 
framework  of  the  medullary  sheath. 

Xageotte  states  that  "  myelin  formation  indicates  maturation  of  a  nerve  (young 
neurites) ;  they  cannot  function  until  myelinated."  (See  Howell  and  Huber  as  opposed 


♦Fuller  details  of  this  work  will  be  published  in  the  forthcoming  number  of  the  Journal 

of  Pathology  and  Bacteriology. 
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to  this  view.)  He  states  that  there  is  an  outer  and  inner  myelin  sheath  (medullary 
and  axis-cylinder  sheath).  Kennedy,  who  has  done  much  to  clear  up  the  uncertainty 
surrounding  our  knowledge  of  nerve  growth,  writes  of  a  "  resting  stage"  of  the  young 
nerve  fibre.  At  this  stage,  when  it  has  no  central  connection,  it  does  not  acquire 
a  thick  myelin  coat.  It  remains  small  for  months,  though  "  all  the  parts  are  repre- 
sented." My  work  agrees  with  his  findings.  The  nerves  are  seen  in  all  my  specimens 
from  two  months  to  two  years  after  injury,  even  where  they  are  only  1  to  3  /li  in 
width. 

Fleming,  writing  of  the  bulb  '  neuroma, '  says  that  the  new  fibres  find  their  way 
with  ease  through  the  dense  matting  of  fibres.  The  myelin  suffers  more  than  the 
axis  cylinders. 

Myelin  Globules  ('Vacuoles*) — Schiifer  describes  a  network  of  neurokeratin 
dividing  the  nerve  irregularly  as  if  by  partitions.  This  framework  is  responsible 
for  the  so-called  'vacuoles'  (globules  of  myelin),  round  or  oval  bodies  outlined  by  a 
faint  mauve  line  (neurokeratin),  which  I  find  invariably  in  medullated  nerves.  They 
are  seen  in  the  nerves  of  foetus  and  adult,  human  and  animal.  These  globules  are 
well  demonstrated  in  Figs.  408,  409,  where  the  neurokeratin  is  deeply  stained. 
Tinel  refers  to  them  as  a  'gonflement'  of  myelin  in  the  nerves,  "making  them 
looked  vacuolated,"  but  does  not  refer  to  the  neurokeratin  framework  as  responsible 
for  their  appearance.  Tuckett  and  Joseph  refer  to  the  neurokeratin  network  of  the 
medullated  sheath  passing  on  further  and  entering  the  axis  cylinder.  Ingebrigtsen 
refers  to  the  fat-like  globules  (myelin)  embedded  in  varicose  accumulations  of 
protoplasm  located  as  a  rule  next  to  the  nucleus.  This  was  demonstrated  by  him 
in  young  nerves  grown  in  Ringer  solution.  Arndt  refers  to  the  globules  as  occurring 
in  atrophic  and  hypertrophic  nerves. 

The  vacuolated  appearance  is  more  common  in  actively  growing  nerves.  I 
find  them  in  the  nerves  of  the  foitus  and  in  eight-day  growths  in  guinea-pigs.  There 
is  no  cause  for  confusing  these  bodies  with  degenerated  material.  They  do  not 
stain  with  the  neurokeratin  method — ^the  border  alone  is  outlined.  I  have  seldom 
been  able  to  demonstrate  them  in  nerves  from  autopsies  held  after  several  hours, 
owing  to  chemical  changes  in  the  nerve.  The  balls  that  [^appear  in  degenerated 
nerves,  called  '  myelin  balls, '  take  a  deep  black  stain  and  are  not  outlined  by  a 
delicate  mauve-coloured  framework. 

Conical  Segments. — Adult  fibres,  6  to  12 /u  wide,  invariably  appear  under  the 
low  power  as  barbed,  beaded  lines.  With  350-diameter  magnification  one  sees 
regular  rows  of  cone-shaped  mauve-coloured  objects  closely  following  one  another  ; 
10  to  40  /u  is  the  usual  length  of  these  conical  segments.  Their  bases  stain  deeper 
than  their  apices,  and  these  latter  seem  truncated  to  fit  round  the  central  content 
(axis  cylinder)  of  the  fibre.  The  ending  of  this  conical  portion  is  cylindrical.  It 
may  be  seen  as  a  circle  in  cross-sections  cut  a  little  obliquely  (Fig.  406).  Similarly, 
the  more  deeply  stained  base  of  the  cone,  apparently  attached  to  the  sheath  of 
Schwann,  appears  as  a  circle  in  appropriately  cut  sections. 

The  relation  of  these  objects  to  Schmidt's  incisures  and  the  axis-cylinder 
sheath  was  specially  studied.  All  nerves  above  4  u  in  diameter  are  seen  to  be 
made  up  of  conical  segments  corresponding  to  the  space  between  adjoining  Schmidt- 
Lantermann  incisures.  These  are  seen  invariably  in  the  pathological  material. 
They  have  been  studied  in  the  nerves  of  embryos,  normal  adult  nerves  procured 
from  amputated  stumps  and  autopsies,  and  in  guinea-pigs'  nerves.  They  appear 
most  definitely  when  the  nerve  has  been  stretched  or  compressed.  This  I  demon- 
strated by  stretching  nerves  of  stumps  and  guinea-pigs,  and  placing  them  at  once 
in  formalin  or  osmic  acid  with  control  nerves  (the  neighbouring  nerve  or  intact  half 
of  the  stretched  nerve).  Slight  post-mortem  change  will  interfere  with  the  most 
distinct  outlining  of  the  cones.  The  stretched  nerve  is  seen,  either  in  glycerin  or 
after  hardening,  humped  at  regular  intervals  (40  fi)  as  if  to  receive  the  portion  of 
nerve  following  it.  In  stained  sections  this  gives  an  invaginated  or  intussuscepted 
appearance  (Fig.  405),  the  intussusception  corresponding  to  the  location  of  the 
incisures  of  Schmidt,  which  may  be  seen  in  osmic  acid-hardened  specimens  as 
unstained  oblique  lines  passing  from  the  neurilemma  sheath  to  the  axis  cylinder. 
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There  is  no  doubt  about  these  cones  being  normal  anatomical  constituents  of 
the  nerve  fibre  (Fig.  4-JO).  Under  the  same  methods  of  examination  they  always 
appear  alike  in  similar  conditions  of  age,  size,  normal  or  pathological  state.  I 
believe,  with  Howell  and  Huber,  that  the  growth  and  degeneration  of  myelin  in 
segments  is  regulated  by  the  Schmidt  incisures,  which  are  the  boundary  lines  of 
these  cones.  Their  limitation  is  due  to  neurokeratin  material.  They  are  doubtless 
the  means  of  insulating  the  nerve,  as  described  by  Halliburton,  Howell,  Moynihan, 
and  others. 

Experiments  to  shoiv  Nerve  Segments. — Normal  nerves  were  examined  fresh,  in 
salt  solution,  in  glycerin,  and  after  hardening  in  formaldehyde.  A  suture  was 
fastened  to  each  end,  one  of  these  being  tied  fast  to  one  side  of  the  mechanical  stage 
of  the  microscope,  the  other  being  used  to  stretch  or  relax  the  nerve.  Electric-light 
illumination  demonstrated  the  incisures  as  bright  lines,  the  surrounding  tissue 
interfering  with  the  ready  passage  of  light.  Two  incisures  pointing  toward  one 
another  were  selected  for  observation.  As  traction  was  made,  the  lines  of  light, 
which  had  originally  reached  the  axis  cylinder  at  an  acute  angle,  seemed  to  approach 
from  the  neighbouring  incisures,  forming  a  cylinder  of  light  for  the  greater  distance 
between  the  original  bases  of  the  incisures.  The  bases  could,  however,  always  be 
seen  as  such.  After  stretching,  the  outer  border  of  the  fibre  was  seen  to  be  humf)ed 
at  the  bases  of  these  cones  of  light,  growing  narrower  at  the  part  of  the  fibre 
corresponding  to  the  more  pointed  part  of  the  cone,  giving  an  intussuscepted 
ap|)earance.  The  nerves  were  stained  after  completing  the  experiment,  and  when 
they  had  not  been  overstretched  or  torn,  elongated  cones  were  clearly  demons- 
trated. Seen  in  the  pathological  material,  they  differ  in  no  respect  from  the  above. 
They  are  not  pointed,  but  apj>ear  as  truncated  cones.  Golgi  refers  to  them  as 
funnels  outlined  by  neurokeratin.  They  are  always  present  in  the  wider  (6  to  12^) 
nerves  of  our  pathological  material,  and  seem  more  distinctly  outlined  than  in 
normal  nerves.  Schafer  pictures  them  in  the  1916  edition  of  the  Essentials  of 
Histology. 

Thev  were  noticed  by  us  in  our  early  work,  but  were  not  so  systematically  or 
definitely  pictured  until  stained  by  the  neurokeratin  method.  Ranvier  refers  to 
"  renfiements  biconiques"  occasionally  seen.  Tinel  writes  of  nerve  fibres  as  "  heris- 
sees  d'epines,"  "  barbelees  "  (barbed),  when  stained  with  silver  nitrate.  He  evidently 
saw  the  stained  incisures— the  stain  not  penetrating  along  the  entire  structure.  He 
says  correctly  that  his  barbs  are  incisures  of  Schmidt-Lantermann.  Stroebe  and 
von  Bungner  and  many  others  are  still  disputing  about  the  Schmidt  incisures, 
questioning  whether  they  be  real  or  artifacts.  I  have  no  hesitation  in  agreeing  with 
Schmidt,  Schafer,  and  Golgi.  The  photographs  (Figs.  405,  406,  407,  408)  demonstrate 
them  well  in  longitudinal  and  oblique  sections.  The  Schmidt  incisure  is  the  base 
of  the  cones  or  funnels.  The  incisures  are  usually  pictured  as  narrow  oblique  lines 
placed  every  40^  along  a  nerve  and  j>enetrating  as  far  as  the  axis  cylinder.  They 
go  farther,  as  my  stretching  experiments  demonstrate.  The  stained  specimens  show 
these  lines  continued  alongside  the  axis  cylinder  as  a  sheath  (Fig.  4b7).  They  are 
more  faintly  stained  as  they  approach  the  next  cone  base,  but  never  completely  lost 
to  view.  I  originally  described  them  as  truncated  cones,  but  think  Golgi's  term 
'  funnel*  is  a  better  one. 

We  thus  have  an  explanation  of  the  structure  of  the  incisures  of  Schmidt, 
Tinel's  barbs,  and  the  axis-cylinder  sheath,  all  in  one.  All  belong  to  the  neuro- 
keratin framework,  which  also  is  responsible  for  the  '  vacuoles"  when  it  sends  finer 
branches  amid  the  myelin  sheath  (Schafer).  The  length  of  these  cones  varies 
imder  changing  conditions  of  stretc'hing  or  pressure.  They  are  regularly  placed, 
and  measure  40  yu  in  length  as  a  rule,  but  I  have  seen  them,  s\-mmetrically  placed, 
measuring  10  yu  from  base  to  base.  I  have  stained  them  in  many  different  ways, 
but  in  none  of  the  specimens  is  the  entire  body  of  the  cone  demonstrated  so  clearly 
as  in  those  stained  by  the  neurokeratin  stain. 

Golgi  states  that  in  order  to  demonstrate  these  '  funnels  '  the  nerve  should  not 
have  been  stretched.  In  my  original  observations  on  autopsy  material,  I  stated 
that  '•  too  much  stretching  defeats  our  object,  especially  in  the  material  removed  at 
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autopsy,  for  in  these  cases  there  is  a  modification  of  the  tissue  produced  by  post- 
mortem changes." 

Varicosities. — The  young  nerve  is  recognized  by  its  size,  shape,  and  spiral 
winding  or  branching  from  another  fibre.  In  its  youngest  form  the  myehn  coat 
has  not  as  yet  been  added.  It  is  the  characteristic  varicose  appearance  which  is  most 
striking.  Many  observers  have  studied  these  peculiar  irregularities.  Some  look  upon 
them  as  evidences  of  degeneration.  With  the  neurokeratin  stain,  the  tendril,  when 
degenerated,  is  broken,  with  sharply  angular  outlines,  it  stains  irregularly  (not  mauve), 
and  is  granular.  I  have  seen  enlargements  of  the  tendril  due  to  the  pressure  of  a 
neighbouring  nucleus.  Ingebrigtsen  pictures  such  fibres.  Arndt's  explanation  is  that 
the  imbibition  of  fluid  may  sometimes  cause  the  irregularity.  This  may  exaggerate 
the  condition,  for  I  find  this  appearance  most  marked  in  hjcmorrhagic  and  cedematous 
nerves.  Schmidt  thinks  that  gas  causes  the  swellings.  Tuckett  believes  that  poor 
hardening  is  responsible,  and  that  they  are  post-mortem  artifacts.  Wilson  says 
they  occur  normally  at  points  of  branching,  on  the  axis  cylinder  or  where  the 
fibre  is  more  subject  to  external  influences.  They  are  not  artifacts  as  a  rule. 
Ingebrigtsen  photographed  them  growing  in  vitro,  and  they  are  seen  in  sprouting 
tendrils  of  young  branching  nerves  in  my  guinea-pig  transplants  (Figs.  444,  446, 
449,  450,  457).  It  is  quite  possible  that  the  irregularity  of  pressure  a  delicate  fibre 
is  subjected  to  in  winding  through  tissue  of  varying  density  may  be  one  of  the 
many  causes  of  its  unevenness  of  structure.  The  fibres  are  not  always  varicose. 
One  often  sees  straight  and  varicose  fibres  in  the  same  microscopic  field. 

NERVE     DEGENERATION. 

By  the  time  our  cases  were  operated  on,  the  Wallerian  degeneration  had  run 
its  course.  The  myelin  had  gone  through  the  fragmenting  and  balling  processes,  and 
been  carried  oflf  by  phagocytes  or  in  the  lymph  stream  as  fat  (MacDonald).  Langley 
says  that  traumatic  degeneration  is  seen  up  to  100  days.  Kennedy  says  it  may  be 
many  months  before  all  the  degenerated  material  disappears.  Occasionally  I  have 
found  black-stained  balls  of  myelin  in  the  old  fibres  four  months  after  injury.  Before 
myelin  balls  form,  the  cones  become  granular  and  stain  irregularly.  At  this  time 
protoplasm  with  innumerable  spindle-shaped  nuclei  fills  the  old  sheath-of-Schwann 
sac,  now  empty  of  its  original  nerve.  Many  young  fibres  are  seen  in  this  proto- 
plasmic syncytium  before  the  degenerate  products  have  gone.  This  is  readily  under- 
stood if,  with  Nageotte,  Kirk  and  Lewis,  and  Ingebrigtsen,  we  believe  that  regener- 
ation depends  on  a  preceding  Wallerian  degeneration  (Figs.  410,  412). 

In  a  recent  case,  constriction  of  the  posterior  tibial  by  a  mass  of  dense  cartilagin- 
ous connective  tissue  produced  all  the  typical  products  of  Wallerian  degeneration  in 
the  portion  of  the  nerve  distal  to  the  ring  of  tissue,  a  few  nerves  remaining  intact ; 
this  was  two  months  after  injury. 

Langley  used^methyl  blue  to  stain  axis  cylinders.  An  hour  or  two  after  the 
nerve  was  cut,  the  axis  cylinder  stained  a  deep  even  blue.  In  ten  days  it  appeared 
less  regular.  In  twenty  days  it  stained  less  deeply  and  the  boundaries  were  not 
sharp.  In  thirty  days  there  was  no  stain.  He  believes  that  neurilemma  cells  are 
phagocytic,  absorbing  the  degenerated  myelin,  that  there  are  different  rates  of 
degeneration  in  the  different  kinds  of  nerves,  and  that  small  nerves  resist  degener- 
ation longest.  Weir  Mitchell,  Remak,  Bidder,  Korybutt-Daskiewicz,  Wolberg, 
Schiff,  Howell  and  Huber,  Phillipeaux  and  Vulpian,  and  Erb  believe  that  the  axis 
cylinder  remains  intact  during  degeneration  of  the  medullary  sheath.  Neumann 
and  Eichhorst  hold  that  the  axis  cylinder  undergoes  changes,  and  fuses  with  the 
myelin  to  form  a  new  nerve  fibre.  Erb  joined  them  in  this  view  later.  Howell  and 
Huber  say  :  "  Most  writers  think  that  the  axis  cylinder  goes  to  ground  with  the 
medullary  sheath."  Degeneration  occurs  in  the  peripheral  end  after  section.  First 
it  occurs  in  the  segments  (Schmidt-Lantermann's),  then  balls  of  myelin  form. 

Phagocytes.— My  specimens  show  giant  cells,  epithelioid  cells,  pigment  cells, 
and  leucocytes,  all  acting  as  phagocytes.  It  has  been  said  (Keen,  Langley,  Stroebe, 
Mott,  Halliburton,  and  Edmunds)  that  the  neurilemma-sheath  cells  act  as  phago- 
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cyt^s.  Mott,  Halliburton,  and  Edmunds  note  with  others  that  later  they  join 
end-to-end  like  embrj'onic  nerve  fibres.  Most  observers  look  upon  them  as  nerve 
cells  (neuroblasts)  with  a  specific  function.  When  proliferating,  they  resemble  con- 
nective-tissue cells  so  closely  that  it  is  impossible  to  distinguish  them.  It  is  in 
their  quiescent  condition,  before  and  at  the  end  of  proliferation,  that  their  elongated 
staff-shaped  nuclei,  containing  more  chromatin,  may  differentiate  them. 

When  von  Bungner  said  that  '  wander  cells '  and  leucocj-tes  were  seldom  seen,  he 
was  dealing  with  experimental  material.  In  work  done  in  Kiihne's  laboratory  on 
nerve  degeneration,  I  not  infrequently  saw  leucoc\i:es  engulfing  myelin  debris.  It 
was  not  so  common,  however,  as  one  would  expect  from  what  one  finds  in  the 
removal  of  foreign  material  from  other  tissues  than  nerves.  I  never  saw  what  I 
could  call  a  Schwann-sheath  cell  acting  as  a  phagocj-te.  Tinel  says  Schwann-sheath 
cells,  connective-tissue  cells,  and  leucocv'tes  carry  away  the  debris.  In  photographs 
by  MacDonald  representing  fat  removal  in  peripheral  nerve  degeneration,  the 
globules  as  such  are  seen  in  septa  between  the  bundles. 

Neurilemma-sheath  Cell-proliferation. — The  most  marked  definite  neurilemma- 
sheath  cell-proliferation  may  be  studied  in  the  nerve  fibres  which  have  lost  their 
normal  contents  by  Wallerian  degeneration.  This  involves  the  entire  distal  portion 
of  a  severed  nerve,  and  extends  as  far  as  the  first  or  second  node  of  Ran\ier  of  the 
proximal  segment. 

It  is  seen  best  in  our  early  cases  (three  to  four  months),  where  there  still  is 
evidence  of  degeneration  products,  in  the  shape  of  myelin  balls,  in  the  nerve  fibre. 
The  appearance  is  that  of  a  great  number  of  protoplasmic  circles  with  several  nuclei 
in  each.  These  circles  are  swollen,  closely  pressed  together,  and  might  be  compared 
to  an  alveolar  sarcoma  with  unusually  symmetrical  alveoli  and  a  limiting  circular 
wall  (epineurium).  When  cut  longitudinally,  the  nuclei  are  most  prominently 
seen  as  spindles  or  elongated  staffs,  verj'  closely  bunched.  Sometimes  there  is  no 
evidence  of  protoplasm,  in  which  case  one  is  most  apt  to  find  new  varicose  nerve- 
fibres  present  among  the  nuclei.  Rows  of  these  nuclei  look  like  fasciculi  composed 
of  nuclei  instead  of  nerves — the  old  fibre  delimiting  the  new  fasciculus.  This  is 
exactly  what  happens,  for  I  have  followed  such  rows  of  nuclei  along  until  there  was 
seen  a  transition  to  young  varicose  nerve-tendrils.  Again,  my  first  stains  showed 
no  nerves,  but  repeated  efforts  demonstrated  a  few  young  tendrils  among  the  nuclear 
mass. 

In  a  35-day  transplant,  such  fasciculated  rows  of  nuclei  were  seen  to  branch, 
and  could  be  followed  to  a  point  where  there  were  tendrils  of  varicose  young 
nerves  in  place  of  the  nuclei.  The  nuclei  stained  less  well  as  one  approached  the 
area  of  nerve  budding.  There  were  still  evidences  of  a  few  faintly-stained  nuclei 
among  the  tendrils.  These  nerves  were  branched  and  bulbous  at  their  ends,  and 
appeared  varicose — with  deeply-stained  bodies,  half  the  size  of  a  nucleus,  attached 
to  them.  They  were  vesicular  and  deeply  stained  by  turns.  Some  of  these  irregu- 
larities gave  the  appearance  of  nuclei  flattened  against  one  another  at  their  ends — 
the  junction  being  biconical  and  circular.  (See  Halliburton,  Mott,  and  Edmunds, 
Ziegler,  and  Galeotti  and  Levi.) 

The  newly  formed  tendrils  appear  on  cross-section  as  circles,  1  to  3yu  in  size, 
homogeneously  stained  or  as  rims  of  mauve  colour  with  a  pink  centre  {Fig.  420). 
Thicker  specimens  may  give  the  appearance  of  stamens  protruding  from  a  flower 
(Fig.  411).  As  the  new  nerve  forms,  the  nuclei  disappear  {Fig.  450).  Howell  and 
Huber  state  that  as  myeUn  forms  many  of  the  nuclei  go.  Tliey  infer  that  it  is 
possible  for  the  nuclei  to  undergo  a  "myelin  degeneration."  I  would  suggest  that 
it  is  much  more  likely  from  chemical  analog^'  for  the  nuclei  to  be  directly  trans- 
formed into  the  nerve  tendrils.  Both  contain  a  keratin  element.  Physiologically, 
too,  they  have  their  relationship,  the  nucleus  controlling  the  trophic  condition  of 
the  containing  cell.  Howell  states  that  it  is  through  the  nucleus  that  the  trophic 
(nutritive)  influence  of  the  nerve  centre  is  transmitted. 

The  nuclei  in  most  of  my  specimens  are  long  spindles.  They  are  very  often 
staff-shaped  (see  Stroebe  and  Nageotte).  They  are  better  studied  by  Howell  and 
Ruber's  method,  in  which  the  protoplasm  about  them  is  also  stained   as  granular 
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lines,  1  to  2^  in  size,  gradually  tapering  to  a  point  and  continuing  for  a  distance 
of  80  fx.  Frequently  the  nuclei  look  as  though  they  were  budding,  and  my  neuro- 
keratin stain  shows  a  similar  appearance,  though  not  so  distinctly.  I  think  this 
question  of  nuclei  in  their  relation  to  axis-cylinder  growth  will  be  well  worth  study. 

I  have  never  seen  the  ganglion-cell  nucleus  described  by  Gluck.  Giant  and 
multiple  nuclei  as  described  by  von  Bungner  have  occasionally  been  present. 
Eichhorst  says  that  in  degeneration  of  the  nerve  the  nuclei  change  in  shape  from 
spindle  to  round. 

We  have  never  been  able  to  trace  a  change  from  protoplasm  into  the  forma- 
tion of  nerve  fibres  or  myelin.  We  see  nuclei  in  a  wild  state  of  proliferation  in 
greath'  increased  protoplasm.  The  next  stage  noted  is  less  protoplasm  and  more 
nuclei,  the  latter  taking  the  form  of  the  old  fibre  en  masse.  Then  we  finally  see 
young  tendrils  crowded  among  nuclei  and  protoplasm,  the  nuclei  much  decreased 
in  number,  the  protoplasm  disappearing. 

I  cannot  well  see  why  Howell  and  Huber  should  think  that  Bowlby  mistook 
nucleoli  for  axis  cylinders.  The  nucleoli  can  seldom  be  well  demonstrated  in  nerve 
work  except  by  their  own  stain.  In  my  work  they  are  very  faintly  stained.  All 
the  round  objects  1  to  H  fx  in  size  which  are  seen  stained  mauve  within  the  old  nerve 
fibre  are  new  nerves.  Not  infrequently  the  tendril  has  developed  to  such  a  size  that 
one  may  see  the  pink  axis  cylinder  in  the  centre  of  a  mauve-coloured  rim.  Van 
Gieson's  stain  shows  nuclei  black,  protoplasm  brown,  myelin  and  axis  cylinder 
unstained. 

Luciani,  quoting  from  Ranvier,  Vanlair,  etc.,  refers  to  the  arrangement  of  the 
neuroblasts  of  the  neurilemma  sheath  in  a  chain,  the  nuclei  being  spindle-shaped. 
Beneckc  describes  variously  shaped  nuclei.  They  always  have  a  little  protoplasm 
around  them.  Many  of  them  are  quite  long.  He  describes  them  as  being  connected 
by  thread-like  processes  when  the  nucleus  itself  disappears.  This  fibre  now  broadens, 
while  a  slieath  gradually  forms  about  it.  His  description  of  the  occurrence  corres- 
ponds with  that  of  others  (Galeotti  and  Levi),  but  his  interpretation  is  different. 
Galeotti  and  Levi  describe  the  proliferated  nuclei  of  the  sheath  of  Schwann  as  round 
or  oval,  containing  more  chromatin  than  normal.  They  were  originally  long.  "The 
proliferating  cells  resemble  embryonal  cells  in  the  development  of  nerves."  Its  stain 
differentiates  this  cell  from  a  connective-tissue  cell,  and  its  action  it  that  of  a  neuro- 
blast. They  used  the  salamander  tail,  as  Harrison  did,  and  grew  young  nerves  which 
they  saw  form  by  a  fusion  of  neighbouring  cells.  These  were  rich  in  nuclei, 
symmetrically  placed.  The  protoplasm  was  hard  to  see,  and  finally  disappeared, 
leaving  the  nucleus  alone.  Rows  of  granular  material  were  now  seen  united  as  axis 
cylinders.  Von  Bungner  describes  the  nuclear  proliferation  of  cells  of  the  neuri- 
lemma as  at  its  height  in  five  to  eight  days,  one  nucleus  for  each  segment.  He  says, 
'•  These  nuclei  are  surely  of  nerve  nature,  and  must  be  called  neuroblasts."  Gluck 
describes  rows  of  nuclei  between  young  fibrils.  Mott,  Halliburton,  and  Edmunds 
refer  to  the  elongation  and  multiplication  of  nuclei  early  in  degeneration.  They 
are  arranged  connected  end-to-end,  "  looking  like  embryonic  nerve  fibres."  They 
do  not  believe,  however,  that  they  form  nerves. 

NERVE     REGENERATION. 

All  the  material  investigated  showed  new  nerve  growth  in  one  or  another 
part.  The  lowest  percentage  of  nerve  findings  in  either  P,  M,  D,  or  Adh., 
was  82  per  cent,  in  adhesions.  Sometimes  this  included  full-grown,  old, 
good  nerve  trunks.  I  cannot  imagine  a  case  such  as  comes  to  the  Alder  Hey 
operating  table  not  showing  some  young  tendrils  in  the  pathological  specimen. 
These  operations  are  delayed  purposely  until  all  danger  of  infection  from  the 
old  infected  wound  has  disappeared.  In  the  meantime  there  has  been  a  prolific 
growth  of  young  fibres  everywhere.  It  is  not  only  from  the  main  injured 
trunk  we  find  nerves  growing  at  various  points  (P,  M,  D,  and  Adh.),  but  like- 
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wise  from  other  surrounding  smaller  ner\'es  to  muscle  ^nd  skin.  These  are 
seldom  considered.  Langley  and  Ranvier  jxiinted  out  long  ago  how  experi- 
menters (Vulpian  and  Bethe)  overlooked  the  possibility  of  having  cut  other 
nerves  than  those  experimented  on,  thus  vitiating  their  results.  I  have  seen 
small  adult  nerve  trunks,  as  well  as  bundles  of  actively-growing  young  nerves, 
in  the  adhesions  removed  from  about  the  scene  of  nerve  severance. 

Neuromas  of  Nerve  Ends. — The  nerve  bulb,  found  at  the  end  of  the  proxi- 
mal segment,  distal  segment,  on  the  side  of  a  nerve,  or  as  a  cylindrical  enlarge- 
ment of  the  trunk,  is  the  place  where  we  may  expect  to  see  the  most  prolific 
gro\\i;h.  The  same  kind  of  growth  and  appearance  is  found  here  as  is  seen  on 
the  ends  of  nerves  of  amputation  stumps  (amputation  neuromas).  Alexis 
Thomson  has  enlightened  us  on  this  subject.  Bowlby,  Kennedy,  Gluck, 
Eichhorst,  and  many  others,  have  used  the  term  '  nerve  callus '  to  describe  this 
young  nerve  material  about  the  nerve  ends.  In  1887  Bowlby  not  only  drew 
attention  to  the  analogy  between  this  nerve  callus  and  bone  callus,  but  thus 
early  demonstrated  new  gro>v-th  in  the  distal  end. 

It  has  been  a  difficult  matter  to  convince  many  that  there  are  fully  formed 
nerves  in  either  end  bulb.  Now  it  is  scarcely  questioned  that  these  nerve 
callus  masses  are  full  of  nerves  containing  axis  cylinders.  (Appended  are 
photo-micrographs  of  nerve  callus  from  various  locations  {Figs.  429,  430,  431, 
433).  Some  are  stained  with  the  neurokeratin  stain  and  also  with  Bielschow- 
sky's  axis-cylinder  stain.) 

The  gross  appearance  of  these  wildly  growing,  coiling,  twisting  nerves  is 
that  of  dense  scar  tissue.  It  is  dense,  grayish-white,  hard,  nodular  (as  a  rule), 
and  is  most  commonly  seen  at  the  ends  of  nerve  trunks.  It  may  be  found, 
however,  wherever  the  epineurium  has  been  torn  through  to  the  nerve  fibres. 
It  is  frequently  situated  between  nerve  trimks  and  in  the  adhesions  near  by 
(here  it  probably  ends  an  overlooked  injured  skin  or  muscle  branch).  Not 
infrequently  the  homogeneous  grayish- white  surface  of  the  cut  section  is  mottled 
by  pin-point  dots  or  larger  translucent  grayish-pink  areas  of  cellu'ar  nerves. 
It  is  also  found  extending  about  the  nerve  trunk  2  to  3  cm.  from  the  end  bulb. 

I  cannot  add  much  to  what  Kennedy  wrote  about  the  microscopic  patho- 
logy of  these  growing  masses  of  nerve.  I  must  accentuate  the  fact,  however, 
that  in  all  of  my  sections  of  nerve  bulbs  there  was  more  nerve  than  connective 
tissue  ;  as  a  rule  they  consisted  of  three-quarters  nerve  and  one-quarter  con- 
nective tissue  and  vessels. 

The  microscope  demonstrates  the  homogeneous  mass  to  consist  of  inter- 
lacing fasciculi  of  young  nerves,  the  fasciculi  varying  in  size  from  10  to  50^ 
in  diameter.  The  nerves  making  up  these  small  bundles  are  young  varicose 
fibres  1  to  3  ^  in  size.  Sometimes  one  finds  larger  ones  mixed  with  these. 
The  larger  fibres  are  coned,  and  measure  6  to  8  ft .  Where  one  sees  larger 
fibres  running  parallel  and  bound  together  in  bundles,  they  usually  belong 
to  the  original  trunk  from  which  the  others  spread.  As  a  rule  this  is  seen 
to  one  side  and  away  from  the  tip  of  the  bulb.  Sometimes  they  are  found 
at  the  very  tip,  for  the  trunk  not  infrequently  coils  around  as  a  whole  before 
sprouting  at  the  end. 

The  interlacing  of  the  fasciculi  is  the  most  characteristic  appearance,  but 
we  not  infrequently  find  single  tendrils  growing  wildly  in  the  surrounding 
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tissue  {Figs.  417,  438).  They  are  varicose,  bulbed  at  the  end,  frequently  branch, 
and  course  in  a  spiral  manner.  The  surroiuiding,  supporting  tissue  is  as  a 
rule  cellular,  vascular,  wavy  connective  tissue,  not  loose  areolar  tissue :  it  is 
rather  compactly  built — ^more  so  than  one  usually  finds  the  case  with  cellular 
connective  tissue.  I  take  it  that  many  of  the  spindle-shaped  nuclei  are  nerve 
nuclei  from  the  proliferating  cells  of  the  sheath  of  Schwann  (see  Tinel).  There 
are  always  great  numbers  of  nuclei  among  the  fibres.  Sometimes  they  are 
seen  as  staff-shaped  nuclei,  again  they  are  spindle-shaped.  This  seems  to 
depend  on  the  stage  of  regeneration  in  which  we  find  them.  The  varied  descrip- 
tion of  these  nuclei  by  competent  pathologists  must  mean  that  their  size  varies 
greatly  according  to  age.  I  have  frequently  seen  them  so  numerous  as  to 
resemble  a  leiomyoma  of  the  uterus,  and  Busse  has  also  noted  this. 

I  have  not  been  able  to  make  the  distinction  mentioned  by  Tinel 
between  a  true  neuroma  of  the  proximal  stump  and  a  glioma  of  the  peri- 
pheral stump.  This  distinction  was  based  on  some  of  Nageotte's  work. 
Since  the  publication  of  Tinel's  book  (1916),  Nageotte  has  concluded  that 
the  fibres  which  he  called  neuroglial  are  really  amyelinic  axones  (axis  cylin- 
ders) from  sympathetic  nerves  of  blood-vessels  ;  consequently  the  growth 
they  form  cannot  be  called  glioma. 

Van  Gieson  Stain. — This  was  used  to  demonstrate  the  difference  between 
connective  tissue  and  nerve.  One  specimen  happened  to  be  a  very  good  one 
for  the  purpose.  It  was  cut  longitudinally  through  the  entire  exsected  piece. 
The  neurokeratin  stain  demonstrated  the  distal  segment  to  be  a  dense  mass 
of  interlacing  fasciculi  of  tendrils  1  to  3/i'  in  size,  surroimded  by  many  proli- 
ferating neurilemma-sheath  cells  with  elongated  nuclei.  The  proximal  end 
was  fibrous.  With  the  van  Gieson  stain  the  nerves'  side  of  the  section  (D) 
takes  a  brown  colour  ;  this  is  because  of  the  great  amount  of  protoplasm  about 
them  (nerves  themselves  do  not  take  this  stain).  The  fibrous-tissue  (proximal) 
part  of  the  section  stains  pink. 

Rapidity  of  Growth. — The  five-day  and  eight-day  growths  in  guinea-pigs 
showed  that  the  varicose  tendrils  could  form  fasciculi  in  this  time.  The  fibres 
had  wound  their  way  into  the  skin  and  muscle  at  least  4  mm.  distant  from  the 
implant.  Ingcbrigtsen  saw  the  tendrils  grow  in  vitro  500 /it  in  six  days.  Tinel 
says  they  grow  J  to  2  mm.  a  day. 

How  do  Nerves  Regenerate ?- -That  the  central  end  of  a  divided 
nerve  is  most  active  in  regeneration  is  not  questioned.  Ranvier's  original 
dictum  that  tendrils  branch  from  the  neighbouring  nodes,  two  or  three  distant 
centrally  from  the  cut,  is  accepted.  Many  writers  state  that  they  have  seen 
the  peripheral  end  regenerate  also.     The  questions  in  doubt  are  : — 

Does  the  distal  end  regenerate  ?  If  so,  do  these  fibres  mature  ?  What 
causes  them  to  mature  ?  Can  they  mature  without  a  spinal-centre  connection 
(i.e.  by  autogenesis)  ? 

What  do  new  nerves  come  from  ?  From  neurilemma-sheath  cells,  or 
diiectly  from  old  fibres  ?  From  ganglion  cells  ?  From  connective-tissue  cells  ? 
From  leucocytes  ?  From  red  Iblood-cells  ?  From  old  fibres  in  which  axis 
cylinder  and  myelin  sheath  have  fused  to  form  a  new  fibre  ? 

Do  nerv^e  grafts  grow  in  situ  ?  Do  catgut  or  other  grafts  carry  anything 
which  can  form  new  nerves  ?     Do  the  Schwann-sheath  cells  wander  ? 


PATHOLOGY  OF  PERIPHERAL  NERVES   537 

What  action  has  the  protoplasm  of  the  neurilemma-sheath  cell  in  nerve 
regeneration  ? 

Is  chemotropismiis  (ncurotropismus)  a  factor  in  stimulating  new  g^o^vth  ? 

Some  of  these  questions  will  be  discussed  briefly. 

Does  the  Distal  End  Regenerate  ? — Kennedy,  Bowlby,  Langley,  Howell  and 
Huber,  Ballance  and  Stuart,  Tizzoni,  Catani,  Galeotti  and  Levi, > von  Bungner, 
Mott,  Sherrington,  Wolberg,  Korybutt-Daskiewicz,  Hertz,  Neumann,  Wieting, 
Sedgwick,  Eichhorst,  Benecke,  Bethe,  Weir  Mitchell,  Vulpian  and  Phillipeaux, 
Hjelt.  all  believe  that  it  does.  Many  of  them  raise  the  question  whether 
central  connection  is  necessary  for  such  regeneration.  Some  believe  that  the 
nerves  will  become  what  Howell  and  Kennedy  call  embryonic  fibres,  and  go  no 
further  until  connected  with  spinal  centres.  Some  believe  that  the  nerve 
goes  on  to  maturation  without  spinal  (central)  connection.  It  is  difficult  to 
find  anyone  who  holds  that  there  is  no  regeneration  in  the  distal  end.  The 
spinal  connection  is  easily  explained.  Langley  and  Ranvier  pointed  out  the 
readiest  method  when  they  disproved  Vulpian  and  Bethe's  proofs  of  autogenic 
new  gro\\i:h  to  maturity.  Their  evidence  indicated  that  neighbouring  nerves 
of  skin  or  muscle  made  the  central  connection.  Langley  says  non-medidlated 
fibres  may  make  the  coiyiection. 

The  author  has  demonstrated  four  methods  of  connecting  the  distal  with 
the  central  or  spinal  fragment,  thus  giving  the  embryonal  nerves  an  opjx)r- 
tunity  to  mature  :  (1)  By  neighbouring  nerves,  torn  at  the  time  of  the  original 
injury  ;  (2)  By  a  strand  of  imdamaged,  overlooked  nerve  still  connecting  the 
central  and  peripheral  stumps  ;  (3)  By  nerve  fibres  which  have  worked  their 
way  through  the  scar ;  (4)  By  adhesions  carrying  nerves  around  (bridging) 
the  scar. 

In  Woolsey's  opinion  the  fact  that  the  axis  cylinders  of  the  spinal  cord 
do  not  regenerate  when  cut,  supports  the  view  that  the  peripheral  end  regener- 
ates from  neurilemma  cells — ^there  being  no  such  cells  in  the  cord,  regeneration 
after  section  is  not  possible. 

Baer,  of  Johns  Hopkins  University,  in  a  personal  commimication,  informs 
me  that  he  finds  that  the  Schwann-sheath  cells  die  in  anterior  ix)liomyelitis. 
This  might  partly  explain  why  the  nerves  do  not  recover  in  this  disease. 
This  evidence  has  its  negative  value  in  helping  to  prove  the  regeneration  of 
the  distal  end  from  the  neurilemma-sheath  cells. 

Do  the  Distal  Fibres  Mature  ? — ^In  86  per  cent  of  the  specimens  from  the 
distal  end  stained  by  the  neurokeratin  stain  nerves  were  seen.  In  the  majority 
of  eases  they  were  in  fasciculi.  Sometimes  bundles  of  full-grown  fibres  had 
formed.  Frequently  single  varicose  tendrils  were  seen,  following  blood-vessels, 
or  discrete  in  cellular  connective  tissue.  Bielschowsky's  axis-cylinder  stain 
demonstrated  axis  cylinders  in  every  case  when  it  was  used  as  a  control. 
Not  only  do  these  axis  cylinders  stain  well,  but,  as  my  guinea-pig  transplants 
show,  they  proliferate  actively. 

There  are  a  few  cases  in  which  sufficient  time  has  elapsed  for  the  results  of 
ojicration  to  appear.  In  some  of  these — the  earliest  good  results — both  ends 
contained  only  fasciculi  of  fibres  1  to  3  /i  in  size.  A  future  report  will  compare 
clinical  results  and  pathological  findings. 

Can  the  Distal  Fibres  Mature  rvithout  Central  Connection  ? — Among  those 


538        THE    BKITISH    JOURNxVL    OF    SURGERY 

who  believed  in  such  a  discontinuous  formation  of  nerves  were  Remak,  Heller, 
Benecke,  Eichhorst,  Neumann,  Hertz,  Leegard,  von  Bungner,  P.  Ziegler,  and 
Virchow.  Bethe  thinks  disconnected  fibres  can  mature,  though  he  admits 
that  they  are  more  likely  to  reach  full  development  when  stimulated  by 
central  association.  He  describes  degeneration  in  many  of  his  'autogenic' 
nerves  when  they  are  left  too  long  disconnected.  He  found  it  necessary  to 
use  very  young  animals  in  order  to  get  good  results. 

Whence  do  the  Young  {' Kmbryonar)  Netves  Come? — We  shall  not  discuss 
the  theories  of  connective-tissue,  red  blood-cell,  and  leucocyte  origin  pro- 
mulgated by  Benecke,  Hertz,  and  Hjelt  (who  considered  the  nuclei  of  the 
neurilemma  to  be  connective-tissue  cell  nuclei).  Most  of  those  who  believe 
in  a  discontinuous  origin  of  nerves,  ascribe  their  beginning  to  cells  of  the 
neurilemma  sheath.  Hjelt,  Stroebe,  Kolliker,  and  Benecke  take  these  to  be 
of  connective-tissue  origin.  Galeotti  and  Levi  can  distinguish  them  from 
connective-tissue  cells  in  the  salamander.  Von  Bungner  considers  them  to  be 
nerve  cells.  Ziegler  and  Gluck  hold  them  to  be  ganglion  cells,  and  Gluck  calls 
the  mass  "  nerve  granulation  tissue."  Whatever  they  be  called,  the  writers  were 
all  doubtless  describing  the  same  thing.  That  the  nuclei  and  cell  protoplasm 
are  of  varying  size  and  arrangement  at  different  stages  in  the  proliferation  is 
noted  in  my  own  experience,  as  well  as  by  Stroebe,  Benecke,  and  von  Bungner. 
These  authors  observed  the  varying  size  and  shape  of  the  nuclei  of  the 
neurilemma  sheath.  The  ])rotoplasm,  in  order  to  form  the  irregular  masses 
giving  origin  to  myelin  (Howell  and  Huber),  and  to  form  the  strands  and 
syncytium  (Nageotte,  von  Bungner,  Kirk  and  Lewis,  Ingebrigtsen),  must  alter 
its  size  considerably. 

It  has  also  been  pointed  out  by  Eichhorst,  Hertz,  Mott,  HaUiburton,  and 
P.  Ziegler  that  the  nuclei  are  arranged  in  rows,  seeming  to  be  connected  or 
fused  end  to  end.  This  arrangement  was  seen  in  a  number  of  our  sections 
in  an  apparent  transition  to  young  fibres.  Eichhorst  refers  to  a  number  of 
workers  in  nerve  pathology  who  ascribed  the  origin  of  the  nerve  to  a  fusion 
of  nuclei — Bowlby,  Virchow,  Xasse,  Waller,  Laveran,  Robin,  Einsiedel,  Ochl, 
Luys,  Weismann,  Foerster,  and  Bruns. 

Kennedy,  Kirk  and  Lewis,  Ingebrigtsen,  and  Galeotti  and  Levi  suggest 
that  the  proliferating  cells  of  Schwann's  sheath  grow  into  the  scars  of  divided 
nerves.  That  the  neuroblasts  from  the  neurilemma  sheath  carry  (by  migra- 
tion) the  nerve  growth  to  other  jmrts,  is  indicated  in  my  guinea-])ig  experi- 
ments. Fig.  444  shows  two  distinct  growths,  one  near  the  scar,  another  an 
inch  away.  In  this  and  other  guinea-pigs,  new  growth  is  demonstrated  in 
the  fat  about  lymph  glands  {Fig.  452). 

If  the  neuroblasts  wander,  the  answer  to  the  question  whether  grafts  are 
of  value  is  simplified. 

P'inotti,  Keen,  Gluck,  and  Sydenham  have  successively  bridged  large 
gaps  between  nerve  ends  with  catgut  or  silkworm  gut.  Nageotte  determined 
that  a  homoplastic  graft  of  nerve  differs  from  a  heteroplastic  piece  only  in 
being  a  little  faster  in  myclinization.  He  grafted  with  good  results  nerves 
preserved  in  formalin  or  alcohol. 

Langley  says  that  all  the  medi. Hated  fibres  in  the  peripheral  ends  of 
cut  nerves  are  fibres  which  have  become  connected  with  the  central  nervous 
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system.  If  autogenic  regeneration  of  fibres  occurs,  every  one  of  them  must 
have  become  connected  with  the  central  end  of  some  fibre.  This  he  states 
in  criticism  of  Viilpian  and  Bethe's  autogenic  growth  theory. 

The  neuron,  according  to  Bethe,  is  not  a  functional  unit — the  ganglion 
cell  is  not  essential.  "  After  degeneration  of  the  axis  cylinder,  the  cells  of 
Schwann's  sheath  proliferate,  forming  much  protoplasm.  An  axial  strand  and 
peripheral  sheath  form — if  one  prevents  healing  of  the  cut  ends  of  nerves  in 
yoimg  animals  a  perfect  regeneration  may  be  forced."  The  formation  of  the 
axial  strand  from  the  protoplasm  of  Schwann-sheath  cells  is  commonly  accepted. 
Vulpian  says  (1859),  "  Transplanted  nerves  grow  autogenically,"  and  later 
(1874),  "  A  ner\'e  may  get  its  trophic  influence  in  other  gray  matter  than 
that  of  the  nerve  to  which  it  belongs." 

Adult  and  Young  Nerves. — It  is  obvious  that  a  differentiation  of 
nerves  according  to  age  might  be  of  value.  Data  obtained  from  experi- 
ments on  guinea-pig  transplants  and  torn  nerves,  pathological  material 
operated  on  at  varying  j)eriods  following  injury,  foetal  nerves,  and  normal 
nerves  from  autopsies,  lead  to  the  following  conclusions. 

When  nerves  are  arranged  in  bundles  with  parallel  fibres,  they  may  be 
expected  to  contain  full-grown  fibres.  Many  of  our  sj^ecimens  demonstrate, 
however,  that  these  old  bimdles  have  lost  their  original  contents,  which  are  re- 
placed by  nerves  in  various  stages  of  new  growth.  These  bimdles  are  never  so 
compactly  built  as  normal  ones — i.e.,  with  nerve  fibre  apposed  to  nerve  fibre, 
showing  as  well-defined  circles  10  to  12  «  in  size,  with  a  scarcely  appreciable 
endoneurium.  They  commonly  appear  as  a  nucleated  protoplasmic  mass 
divided  more  or  less  indefinitely  into  swollen  circular  areas  corresponding  to 
the  original  fibres.  There  is  an  increase  in  endoneurium  in  all  stages  of  regener- 
ation, from  connective-tissue  cells  to  dense  connective  tissue,  separating  the 
individual  protoplasmic  nucleated  masses,  which  replace  the  old  fibres. 

In  a  later  stage  one  may  see  nuclei  in  such  profusion  as  to  simulate  a 
spindle-cell  alveolar  sarcoma,  except  for  the  fact  that  the  wider  view  shows  the 
thickened  peri-  and  epineurium  defining  the  nerve.  Such  masses  stain  best  with 
Howell  and  Huber's  picric-acid-h:rmatoxylin  method,  but  it  is  by  the  neuro- 
keratin stain  that  one  can  be  sure  of  what  these  nuclei  and  protoplasmic 
masses  represent.  By  this  method  one  not  infrequently  sees  varicose  mauve- 
stained  tendrils  among  the  nuclei.  These  increase  in  number  as  the  proto- 
plasm and  nuclei  decrease  (see  Howell  and  Huber's  work  referred  to  later,  also 
Kirk  and  Lewis's  reference,  and  others),  imtil  we  see  bundles  made  up  of  fasci- 
culi of  ten  to  twenty  tendrils,  each  fasciculus  representing  an  old  nerve  fibre 
{Figs.  410,  413).  The  fasciculi  contain  the  finer  tendrils  1  to  2  a*  in  width,  and 
fibres  4  to  6/Li  in  width,  with  conical  segments  20  to  40^  long — these  latter 
are  more  fully-grown  fibres  which  will  soon  reach  their  full  size,  10  to  12  /^. 

Many  of  the  fibres  must  degenerate  from  the  pressure  of  growth,  and  this 
can  indeed  be  demonstrated  by  the  irregular  staining  and  breaks  in  outline 
of  many  young  fibres. 

In  some  of  our  specimens  cut  longitudinally  we  can  trace  fasciculi  of  elong- 
ated nuclei  to  a  point  where  mauve-coloured  tendrils  are  seen.  At  the  same 
time  there  is  a  marked  decrease  in  the  number  of  nuclei — "  as  the  new  nerve 
forms  many  of  the  nuclei  disappear  "  (Howell). 
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In  the  guinea-pig  exix?riments  the  varicose  bulbed  appearance  of  the 
young  branching  fibres  is  well  shown. 

In  loose,  non-restraining  tissue,  the  spiral  winding  of  the  fine  young 
tendrils  helps  one  to  pick  them  out.  Discrete  twisting  young  fibres  can 
be  seen  between  muscle  biuidles  {Fig.  4.57),  around  hairs  {Fig.  451)  and 
along  blood-vessels  {Fig.  453)  in  the  photomicrographs  of  guinea-pig  trans- 
plants. One  of  the  pictures  shows  what  looks  like  a  direct  transformation 
of  nuclei  into  nerve  tendrils,  portions  of  nuclei  and  entire  nuclei  remaining 
attached  alongside  the  fibre.  Some  of  the  points  of  deeper  staining  resemble 
the  bases  of  the  cones  seen  in  adult  nerves,  and  look  as  if  tAvo  nuclei  might 
have  fused  at  this  point. 

Sheath  of  Schwann. — It  has  appeared  to  me  that  as  the  new  tendrils 
grow  discrete  in  the  connective  tissue  they  pick  up  a  fibrous  sheath.  The 
Schwann-sheath  nuclei  which  remain  from  the  great  mass  that  were  present  a 
short  time  before,  are  seen  resting  against  this  new  sheath  like  a  secondary 
fixture  and  belonging  to  the  nerve  proper.  This  same  method  of  acquiring 
a  neurilemma  sheath  occurs  to  those  tendrils  which  are  in  fasciculi,  the 
connective  tissue  cells  being  seen  only  in  the  larger  fasciculi.  They  do  not 
acquire  a  sheath  so  long  as  conditions  of  pressure  are  such  as  to  prevent 
new  connective-tissue  growth  {e.g.,  in  dense  nerve-callus). 

Neurotropismus,  and  the  Trophic  Influence  or  Direct  Action  of  Proto- 
plasm in  giving  Direction  to  Nerves. — There  are  certain  infiucnees  causing 
nerves  to  grow  or  take  a  certain  course.  We  have  referred  to  the  physical 
effect  of  the  guidance  of  blood-vessels  and  the  blocking  by  scar  tissue.  Vanlair 
used  bone  pathways  to  direct  their  growth,  believing  with  Ranvier  that  nerves 
follow  the  line  of  least  resistance.  P'orsmann,  investigating  the  phenomena  of 
nerve  growth,  noted  :  "  It  takes  many  fibres  to  give  a  notable  functional 
result.  Many  err  on  their  way  (following  section).  They  are  seen  in  the  sur- 
rounding tissues  at  the  cut,  and  further  central.  They  can  err  even  after  cross- 
ing the  gap.  It  is  remarkable  that  so  many  continue  along  the  old  nerve  path." 
He  experimented  with  the  idea  of  solving  the  problem.  In  one  of  his  experi- 
ments, in  which  he  placed  the  nerve  in  a  'straw'  tube  with  brain  at  the  other 
(upper)  end,  the  nerve  grew  toward  the  brain.  In  the  next  experiment  no 
brain  was  placed  at  the  opposite  end  of  the  tube,  and  only  a  few  fibres  found 
their  way  up  the  tube.  This  is  due  to  what  Langley  calls  neurotropismus 
(chemiotropic  influence).  Ingebrigtsen,  Kirk  and  Lewis,  and  others  interpret 
it  as  indicating  that  the  syncytium  of  protoplasm  from  multiplying  neuri- 
lemma-sheath  cells  guides  the  nerves.  Bidder  long  ago  stated  that  cut  nerves, 
when  sutured,  break  away  to  join  their  mates.  Elsberg  calls  attention  to 
a  most  interesting  phenomenon  which  doubtless  has  a  similar  explanation. 
If  a  nerve  to  a  muscle  be  cut  and  be  implanted  with  another  (foreign)  nerve 
into  the  muscle,  the  original  nerve  alone  makes  connection. 

These  facts  will  explain  many  of  our  observations.  Note  in  Fig.  450  the 
young  nerves  in  granulation  tissue  around  the  anterior  crural  nerve  some  dis- 
tance away  from  the  original  implant.  One  specimen  pictures  a  nerve  growing 
in  a  thrombosed  vein,  with  small  nerve  trunks  on  both  sides.  Great  numbers 
of  young  tendrils  are  seen  in  the  walls  of  the  vein,  doubtless  attracted  by  the 
neurotropic  influence  without. 
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Keen,  Gluck,  Finotti,  and  others  use  catgut  to  bridge  gaps. .  Here  both 
Vanlair's  and  Forsmann's  influences  are  concerned  in  guiding  the  nerve. 
Nageotte  has  more  recently  made  use  of  nerves  preserved  in  forniaHn  or  alcohol 
to  help  the  two  ends  meet. 

Luciani  refers  to  the  neurotaxis  (chemical  stimulus)  of  degenerated  nerves 
in  the  growth  of  yoiuig  tendrils.  Others,  notably  Ingebrigtsen,  have  shown 
the  great  influence  of  Wallerian  degeneration  in  stimulating  thb  sprouting  of 
ner\'es.  Ingebrigtsen  foiuid  that  he  could  not  get  transplants  to  grow  in 
Ringer  solution  before  they  had  been  cut  and  left  in  situ  fi\  e  days.  In  my 
guinea-pig  experiments  the  transplants  grew  at  once.  Vulpians  implants  did 
not  begin  to  grow  for  six  niontlis.  My  implants  were  taken  Irom  old  injured 
nerves  that  had  gone  through  AVallerian  degeneration  and  had  begun  new- 
growth.  Vulpian  transplanted  normal  nerves.  Nageotte,  in  writing  of  the 
'gliomata'  at  the  end  of  a  cut  nerve,  stated  that  they  contained  no  axis  cylin- 
ders, but  that  the  fibrils  jKissesscd  'tropismus'  like  nerves.  Since  then  I  judge 
he  has  accepted  this  as  an  additional  proof  that  he  was  not  dealing  with  neuro- 
glia, but  with  real  nerves  and  axis  cylinders.  He  now  says  that  what  he 
originally  called  neuroglia  fibres  are  "amyelinic  axones." 

The  Fibrous  Scar. — The  scar  that  is  said  to  be  the  bete  noire  of  the 
surgeon  is  between  the  ends  of  the  severed  nerves.  Its  centre  is  sometimes 
called  'cheloide  nerveuse,'  a  name  given  it  by  Dejcrine.  I  find  it  no  different 
from  any  other  scar  tissue,  except  that  it  seldom  becomes  sclerotic.  Densely- 
growing  tissue  of  any  kind  makes  it  difficult  for  ner\'e  to  pass  through.  Nerves 
may  be  turned  aside  when  their  ends  reach  an  already  prepared  buttress.  It 
is  quite  natural  that  unless  the  nerve  fibres  have  grown  pari  passu  with  this 
connective  tissue,  an  entering  wedge  will  be  next  to  impossible  ;  it  must  be 
made  when  the  tissue  is  young,  cellular,  and  vascidar.  At  that  time  the 
injured  nerve  was  beginning  its  growth  also.  It  was  in  granidation  tissue, 
with  many  branching,  irregularly  coursing  blood-vessels.  These  vessels 
directed  its  way,  the  new  tendrils  following  the  capillaries,  there  being  no 
stronger  force,  such  as  the  chemotropic  influence  ot  an  opposite  nerve  stump, 
to  attract  it.  Finally  it  may  reach  the  old  gap,  but  conditions  now  (at  the  end 
of  weeks  or  months)  are  very  different.  Instead  of  a  loose,  vascular,  cellular 
tissue,  there  is  firm,  dense,  connective  tissue.  The  nerve  may  perchance  follow 
a  vessel  into  this,  and  send  a  few  young  tendrils  into  the  scar.  The  chances 
are  that  the  wild,  turning,  twisting,  spiral  course  it  had  already  followed,  for 
the  most  part  under  the  influence  of  the  capillary  blood-vessels,  will  now  be 
exaggerated.     A  bulb  results. 

It  is  not  due  to  lack  of  ability  to  grow  that  the  nerve  bulb  forms.  It  is 
rather  due  to  its  excessive  hardihood.  It  coils  when  it  cannot  pass  the  block. 
Conditions  made  artificially  by  the  surgeon  at  this  stage  are  not  to  be  com- 
pared with  those  existing  at  the  beginning,  when  the  granulation  tissue  was 
responsible  for  the  tortuous  path  of  the  ner\'e,  at  the  same  time  forming  the 
fibrous  scar.  At  the  operation,  months  later,  the  young  prolific  nerves  are, 
at  the  point  of  clean  cut,  ready  to  join  their  mates  across  the  Avay.  Any  blood- 
vessels that  form  take  the  same  direction. 

In  spite  of  all  that  must  be  said  about  the  harm  done  by  connective  tissue 
in  nerve  work,  this  fact  must  not  be  overlooked,  that  nerves  grow  in  scar  tissue 
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(Figfi.  434,  435).  I  have  found  them  in  90  per  eent  of  the  so-called  'cheloides 
nerveuses.'  True,  they  are  not  seen  as  a  rule  in  great  numbers,  but  they 
get  there.  At  times  I  have  found  them  in  bundles,  and  more  prolific  than  in 
the  proximal  end  {Figs.  412,  427). 

This  scar  tissue  was  sclerotic  in  only  one  of  the  cases  described  (Weir 
Mitchell  refers  to  sclerosis  of  the  connective  tissue  occurring  rarely).  It  is 
usually  wavy,  vascular,  cellular,  connective  tissue.  Much  of  the  density  of  the 
connective  tissue  (adhesions)  about  nerves  is  due  to  the  great  numbers  of  nerve 
tendrils  mixed  with  the  connective  tissue.  That  massive  nerve  growth  is  firm 
has  been  demonstrated  in  the  nerve  bulbs. 

The  microsco]>ic  appearance  of  sjich  masses  of  tissue  is  shown  in  Figs. 
412,  422,  427,  433.  Another  section,  a  longitudinal  one,  through  such  a 
mass  showed  the  fibroiis  part  on  the  proximal  side  of  the  excised  nerve, 
the  distal  portion  being  typical  nerve  callus. 

Of  course  the  severe  trauma  and  infection  are  the  usual  basis  for  the  scar 
formation.  Tinel  adds  that  "the  ha^morrhagic  infiltration  determines  'a  la 
longue'  the  fibrous  infiltration  of  the  nerve." 

Adhesions. — The  scar  seen  in  adhesions  is  usually  cellular,  ha^morrhagic, 
vascular,  and  pigmented  The  nuclei  are  not  compressed  into  flat  spindles  as 
in  dense  scar  tissue,  but  are  usually  larger  and  vesicular.  This  may  be  said  of 
most  of  the  connective  tissue  that  I  have  examined  from  about  nerves. 

Of  the  adhesions,  82  per  cent  contain  nerves.  These  are  usually  seen  as 
tendrils  1  to  3  /*  in  size,  discrete  in  the  connective  tissue  ;  but  it  is  not  uncom- 
mon to  find  bundles  of  nerves  in  the  adhesions.  Most  frequently  they  occur  in 
the  form  of  small  masses  of  interlacing  fasciculi  (nerve  callus). 

Tender  Skin  Scars. — Weir  Mitchell  examined  painful  skin  scars  "  without 
being  able  to  find  the  microscopic  state  of  their  nerve  fibres."  The  neuro- 
keratin stain  demonstrates  its  value  in  the  readiness  with  which  these  com- 
pressed nerves  take  the  colour.  I  have  invariably  found  both  coned  and 
varicose  fibres  in  tender  skin  scars  ;  and  I  have  been  just  as  luisuccessful 
in  staining  them  in  painless  scars.  The  nerve  bundles  are  sometimes  seen 
also  in  the  subcutaneous  tissues. 

Neuritis.— We  have  many  specimens  with  small  round  cells  infiltrating 
the  endoneuriimi  and  perineurium.  At  times  these  cells  are  seen  massed  about 
blood-vessels,  i^^oreign  materials  such  as  khaki,  bone,  hair,  or  gravel,  may  be 
surrounded  by  them.  There  is  an  admixture  of  epithelioid  cells  in  these  cases, 
and  sometimes  of  plasma  cells-^— evidence  of  chronic  neuritis.  If  foreign 
bodies  be  present,  giant  cells  surround  them.  As  blood  pigment  is  such  a 
common  finding  in  our  material,  we  very  often  sec  it  incorporated  in  phago- 
cytes. Weir  Mitchell  writes  that  there  is  an  extension  of  productive  inflam- 
mation a  great  distance  along  the  nerve.  Tinel  thinks  that  the  h^rmorrhagic 
exudate  has  a  great  deal  to  do  with  producing  the  neuritis  type  of  trauma. 

A  type  of  chronic  neuritis  is  seen  in  many  of  the  nerve  trunks  we  have 
examined  ;  here  small  fasciculi  of  new  tendrils  follow  the  newly  formed  vessels 
in  the  young  connective  tissue.  These  fasciculi  contain  two  to  ten  fibres,  and 
interlace  among  the  large  nerves  so  as  to  form  a  network.  This  growth  of 
young  nerves,  so  commonly  seen  in  the  proximal  segment,  may  be  analogous 
to  Kennedy's  findings.      He  states  that  the  nerve  tnmks  in  old  amputated 
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limbs  always  contain  an  abnormal  nimiber  of  small  nerx'e  fibres  in  bundles. 
He  takes  them  to  be  like  the  '  immature '  fibres  in  the  peripheral  segment  of  a 
divided  nerve. 

Guinea-pig  Transplants. — Phillipeaux  and  Vulpian,  desiring  to  prove 
that  nerves  grow  autogcnically,  transplanted  normal  lingual,  hypoglossal 
median,  and  sciatic  ner\'es  beneath  the  skin  of  yoimg  animals.  At  the  end  of 
six  months  they  found  a  new  growth  of  young  fibres,  following  degeneration 
of  the  original  implant.  Bethe  and  Kennedy  likewise  grew  implanted  nerves 
in  animals.  Ingebrigtscn  was  able  to  demonstrate  the  growth  of  nerves  in 
Ringer  solution  after  having  left  them  in  loco  for  five  days  following  section. 

The  material  I  used  for  inoculation  was  excised  from  war  injuries,  and 
growth  occurred  at  once  in  every  instance.  Even  in  the  infected  case,  a 
promjit  growth  occurred.  In  most  cases  the  growth  was  more  mature  in 
appearance  than  the  control  piece,  for  alongside  the  yoimg  branching  varicose 
tendrils  were  found  fasciculi  and  bundles  of  full-grown  fibres. 

We  have  an  unusually  readily  growing  material  in  nerves  from  war 
injuries,  whether  from  proximal  or  distal  end,  completely  or  incompletely 
divided.  Even  where  the  control  {Figs.  436,  437,  438,  439,  440,  441,  442) 
demonstrates  few  very  fine  tendrils,  and  these  scattered  throughout  con- 
nective tissue,  the  resulting  growth  is  in  the  shape  of  fasciculi  and  branching 
varicose  tendrils  of  both  young  and  fully-grown  fibres.  The  fibres  in  the 
controls  in  no  case  are  as  well  grown  or  as  easily  demonstrated  as  those  of 
the  transplant. 

No  growth  can  be  demonstrated  in  the  centre  of  the  inoculated  mass  ;  it 
is  seen  at  its  periphery,  and  in  the  fat  and  granulations,  skin,  or  muscle  round 
about.  Growth  is  usually  seen  along  blood-vessels  or  in  thrombosed  veins. 
It  is  visible  in  the  subcutaneous  fat  or  connective  tissue  of  the  skin,  and  along- 
side the  glands.  Fasciculi  are  demonstrable  crossing  a  space  between  granula- 
tions and  skin.  The  conical  formations  and  neurokeratin  sheath  of  the  axis- 
cylinders  can  be  seen  in  our  sections. 

The  normal  varicose  appearance  of  young  actively  growing  nerves  is 
proven  beyond  doubt.  That  nerves  will  grow  under  most  imfavourable  condi- 
tions was  seen  in  a  five-day  groA\i:h,  where  the  woimds  were  both  open,  and  the 
guinea-pig  died  of  infection.  Some  idea  of  the  rate  of  growth  may  be  obtained 
from  these  experiments.  Skin  controls  made  from  the  guinea-pig  showed  no 
nerves  in  the  adjacent  skin  ;  but  in  sections  from  other  guinea-pigs'  skin  I 
found  a  few  bundles,  but  no  young  tendrils. 

The  neurokeratin  stain  is  of  value  in  determining  the  difference  between 
a  full  grown  and  embryonal  nerve.  It  demonstrates  the  nerve  supply  to 
the  lymph  gland  and  in  the  periglandular  fat.  Some  of  the  fasciculi  in 
the  periglandular  l\Tnph  sinuses  and  in  the  lymph  spaces  were  possibly 
carried  to  the  gland  in  the  lymph  stream  and  grew  locally.  They  are  seen 
with  hair,  degenerated  muscle,  and  poorly-stained  fragmenting  pieces  of  nerve 
in  some  of  the  hTnph  spaces,  and  in  periglandular  fat  among  the  vascular 
organizing  connective  tissue  (Fig.  456).  The  nerves  are  seen  as  discrete 
young  varicose  tendrils  branching  about  blood-vessels  lining  the  lymph 
spaces.  The  adult  fibres  in  these  glands  are  medullated,  they  contain  myelin 
globviles,  and  stain  with  osmic  acid  (Schafer  says  they  are  non-medullated). 
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The  possibility  of  such  a  distant  growth  docs  not  seem  so  remote  when  we 
note,  in  Fig.  446,  a  new  growth  of  nerves  in  a  piece  of  the  original  transplant 
which,  carried  from  its  original  ]ilaee  of  anchorage,  grew  at  a  point  an  inch 
away  from  its  mate,  which  latter  continued  to  grow  independently  near  the 
scar.  We  might  explain  such  a  growth  by  the  diapedesis  or  wandering 
of  Schwann-sheath  cells,  as  suggested  by  Kennedy,  Kirk  and  Lewis,  and 
Ingebrigtsen.  Howell  and  Huber  refer  to  the  penetrating  of  scars  by  the 
protoplasmic  masses  of  these  neuroblastic  cells — they  could  more  readily  find 
their  way  in  the  vital  fluids  of  a  guinea-pig. 

In  one  guinea-pig  we  find  nerves  sending  tendrils  among  the  silk  sutures 
used  in  closing  the  skin  wound. 

It  is  of  more  than  ordinary  significance  that  these  transplants,  taken  from 
nerve  callus  and  embryonal  fibres  growing  in  eight-months'  scar  tissue,  should 
grow  at  once.  Vulpian's  implants  from  normal  nerves  degenerated  before 
they  began  to  grow — taking  six  months  to  get  a  start. 

NeiTe  Stretching. — In  order  to  determine  what  occurred  to  the  nerves  in 
war  injuries  where  so  much  of  the  nerve  was  removed  that  stretching  was 
necessary  to  get  the  ends  together,  I  experimented  on  guinea-pigs'  nerves,  and 
include  the  result  in  this  report. 

One  guinea-pig  had  its  sciatic  stretched,  and  seventeen  days  later  exami- 
nation demonstrated  granulation  tissue  about  the  nerve.  Blood  pigment 
and  phagocytes  containing  jiigment  granules  were  in  and  around  the  nerve. 
Varicose  tendrils,  1  to  3  A'  i»  !>ize,  were  seen  among  the  wider  adult  fibres, 
some  of  which  were  torn.  There  were  many  young  varicose  fibres  in  the 
granulation  tissue  surrounding  the  nerve. 

S.  Mayer  has  demonstrated  that  there  is  a  continual  degeneration  and 
regeneration  normally  taking  place  in  a  nerve.  We  may,  therefore,  expect 
the  neurilemma-sheath  cells  rapidly  to  repair  damage  done  by  stretching. 

Weir  Mitchell's  experiments  proved  that  a  sciatic  nerve  continues  to 
react  to  electrical  stimuli  \mtil  stretched  three-quarters  of  an  inch  in  three 
inches. 

Langley  quite  recently  writes  :  "  New  fibres  can  stand  much  strain. 
They  may  be  used  in  a  few  weeks." 

Bethe    demonstrates  that  a  stretched  nerve  unites  as  well   as    an   un- 

stretched  one. 

-  • 

CONCLUSIONS. 

There  is  a  neurokeratin  framework  of  the  medullary  sheath  which  envelops 
the  axis  cylinder  as  a  sheath. 

The  carbol-fuchsin-osmic-acid-oil  of  cloves  method  is  a  specific  stain  for 
neurokeratin. 

The  Schmidt-Lantermann  segments  are  normal  physiological  entities.  Each 
segment  is  seen  in  adult  nerves  as  a  conical-shaped  body  attached  by  its  base 
to  the  neurilemma  sheath,  and  it  envelops  the  axis  cylinder  for  10  to  20  a^. 
Extension  and  pressure  of  a  nerve  accentuates  the  appearance  of  the  conical 
segments. 

Adult  and  yoimg  nerves  may  be  easily  differentiated — the  former  show- 
ing conical  segments,  the  latter  appearing  varicose  and  often  taking  a  spiral 


PATHOLOGY    OF    PEEIPHEEAL    NEKYES       545 

cowrse.     The  young  nerve  is  1  to  3  a*  in  diameter,  the  adult  measures  6  to 
14/i. 

The  so-called  vacuoles  are  myelin  globules  surroimded  by  a  fine  neuro- 
keratin film  ;  they  are  seen  in  normal  nerves  of  the  human  embryo  and  adidt 
and  in  the  guinea-pig. 

Medullated  nerve  fibres  occur  normally  in  lymph  glands  of  the  guinea-pig. 

War-injured  nerves  are  ready  to  imite  at  both  ends  of  the  injury  before 
the  end  of  eight  months.  (The  distal  end  has  picked  up  some  kind  of  central 
trophic  influence  in  86  yter  cent  of  our  cases.) 

The  hardness  of  a  nerve  does  not  mean  that  it  is  fibrous — the  nerve  bulbs 
are  very  hard — three-fourths  of  each  usually  consists  of  young  nerve  fibres. 
These  fibres  contain  axis  cylinders,  demonstrated  by  Bielschowsky's  stain. 
They  grow  when  transplanted  into  guinea-pigs,  even  quicker  than  the  fibres 
of  normal  nerves. 

The  proximal  and  distal  ends,  the  middle  zone,  and  the  adhesions  con- 
tained nerves  in  the  following  proportions  :  proximal,  100  per  cent ;  distal 
86  per  cent  ;   middle,  90  per  cent ;   adhesions,  82  per  cent. 

By  the  time  the  scar  between  the  severed  nerve  ends  has  formed,  the 
bulbous  ends  have  already  reached    maturity. 

The  nerves  in  nerve  bulbs  are  turned  back  on  themselves.  They  multiply 
indefinitely.  We  have  seen  them  actively  forming  seven  years  after  operation. 
Some  die  as  others  form.  They  cause  pain  apparently  by  their  excessive 
proliferation  against  resistance.  Yoimg  nerves  are  found  in  most  of  the 
nerve  trunks  several  centimetres  proximal  to  the  seat  of  injury  (the  point 
of  resection).  They  are  not  confined  to  the  line  of  the  nerve.  They  course 
among  the  adult  fibres  singly  and  in  fasciculi,  often  resembling  nerve  callus. 

The  grayish-pink  pulpy  (gelatinous)  appearance  of  the  cross-section  of  a 
nerve  is  due  to  vascular,  protoplasmic,  much  nucleated  material  in  the  small 
nerve  bundles — it  means  nerve  regeneration.  The  denser  grayish-white  sec- 
tions dotted  with  gray  or  grayish-pink  points  signify  regeneration  of  young 
nerves  ;  they  have  reached  a  fuller  development  than  in  the  more  pulpy  (suc- 
culent) areas.     All  of  this  material  grows  rapidly  in  the  guinea-pig  transplant. 

Constricting  scar  is  particularly  damaging  when  circular  (around  the 
nerve). 

Nerves  pulled  aside  by  bone  callus  or  adhesions  always  contain  well- 
developed  fibres. 

Adhesions,  middle-zone  scar,  and  surrounding  injured  nerves  are  means  of 
keeping  the  distal  segment  ahve. 

Some  of  the  quickest  good  clinical  results  occurred  in  cases  where  only 
young  nerves  were  found  in  the  pathological  material. 

The  old  degenerated  nerve  fibres  form  the  best  conducting  paths  for  the 
growth  of  young  tendrils. 

There  is  a  strong  attractive  force  (neurotropismus)  exerted  by  one  nerve 
on  another  growing  nerve. 

Nerves  grow  best  from  the  proximal  end. 

Nerves  grow  well  in  granulation  tissue.  Blood-vessels  act  as  a  scaffold- 
ing along  which  and  within  which  nerves  grow  ;  in  the  early  stages  of  nerve 
injury  they  tend  to  misguide  a  nerve  from  a  straight  path. 
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Nerves  grow  well  in  fascia  lata,  and  in  fact  better  than  in  muscle  ; 
but  Cargile  membrane  is  impervious  to  them. 

Nerve  tendrils  grow  about  foreign  material,  such  as  khaki,  hair,  and 
sutures. 

The  neurilcmma-sheath  cells  proliferate  greatly  in  and  around  the  old 
nerve  fibres  and  at  a  distance,  giving  rise  to  new  fibres.  The  sheath  cells  find 
their  way  into  neighbouring  and  distant  tissues.  The  nuclei  are  seen  in  great 
numbers  before  the  young  fibres  sprout,  and  disappear  as  these  tendrils  appear. 

Nerves  which  reach  the  scar  tend  to  penetrate  it. 

The  connective-tissue  formation  between  nerve  ends,  around  them,  and 
within  them,  is  usually  wavy  and  vascular,  often  cellular,  scarcely  ever  sclerotic. 

Nerves  are  invariably  seen  in  painful  scars. 

The  subcutaneous  implants  into  guinea-pigs  of  pieces  from  the  proximal 
and  distal  ends  and  from  the  bulbs  on  the  sides  and  ends  of  injured  nerves, 
grow  at  once.  There  is  no  j^rimary  degeneration  such  as  occurs  when  normal 
adult  nerves  are  transplanted. 

The  implanted  nerves  grow  at  various  points  separated  from  the  original 
seat  of  inoculation,  suggesting  a  metastasis  by  cells  of  the  neurilemma  sheath. 

The  transplanted  nerve  grows  in  lymph  glands  when  carried  to  them  in 
the  lymph  stream  as  neurilemma-sheath  cells. 

Transplanted  nerves  grow  even  when  infected. 

The  transplant  growth  in  granulation  tissue  finds  its  w  ay  to  distant  nerves. 

A  stretched  nerve  shows  active  new  growth  of  young  tendrils. 

I  wish  to  thank  Colonel  Sir  Robert  Jones  for  giving  me  the  opportunity 
to  do  this  work.  To  Professor  Ernest  Glynn  I  am  much  indebted  for  sugges- 
tions, and  for  his  kindness  in  giving  me  every  facility  at  the  Thomson  Yates 
Pathological  Laboratory  to  carry  on  these  investigations. 

The  execution  of  the  photomicrographs  is  the  war  contribution  of 
Mr.  R.  Shepherd,  for  which  we  are  most  grateful. 

[Illustrations  of  this  article  will  be  found  on  pp.  549-557.J 
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HISTOLOGICAL  APPEARANCES. 


Fig.  405.     (  x  480. ) 


Fig.  405. — Xerve  from  an 
amputation  stump,  stretched  at 
time  of  excision.  Xerve  enter- 
ing stump  bulb.  Invagmated 
(intus.suscepted)  appearance  at 
location  of  Schmidt's  incisure.^. 
A\i-    cylinder   sheath    can    be 


Fig.  406. — ^Stretched  nerve 
from  stump.  Cones  and  glo- 
bules of  myelin  outlined  by 
neurokeratin  framework.  Axis 
cylinder  sheath  and  attachment 
of  base  of  cones  at  nevirilemma 
sheath  seen  as  circles.  The  light 
area  between  the  inner  circle 
(axis  cylinder  sheath)  and  outer 
circle  (base  of  cone  attached  to 
the  sheath  of  Schwann)  is  the 
medullary  sheath. 


Fig.  40«.     (x  480.) 


Fig.  407.     (  x  480. ) 


Fig.  407. — Same  as  40fi, 
cut  less  obliquely.  Regular 
arrangement  of  con's  30  ji  long. 
Axis  cylinder  sheath  demon- 
strated. Myelin  globules  ("  vacu- 
oles ')  seen  enveloped  by  neuro- 
keratin framework. 

Fig.  408.— Side  bulb  on 
ulnar  nerve.  I'Inar  was  grafted 
with  rabbit's  nerve  7  years  ago. 
Cones  and  globules.  Several 
'<i li  nerves  among  adult  (12^) 
nerves  faintly  outlined.  The 
globules  of  myelin  are  seen  out- 
lined by  neurokeratin  in  the 
fibres  at  the  margin  of  the 
photo  ;  these  were  cut  near  the 
sheath  of  the  ulnar. 


Fig.  408.     (x  480.) 


Fig.  409. — Same  as  408. 
Globules  of  myelin  not  taking 
the  stain.  Neurokeratin  deeply 
stained. 

Fig.  410. — Sciatic  nerv'e 
regenerating :  proximal  end,  2 
months;  cut  25 /i  thick.  Num- 
erous young  tendrils  in  swollen 
protopla.smic  material  ('  axial 
strands ' )  in  old  fibres.  A  few 
nuclei  faintly  outlined  seen  in 
surrounding  cellular  connective 
tissue.  (Stained  by  Van  Gieson, 
the  circles  from  which  these 
tendrils  project  were  seen  to  be 
full  of  nuclei  in  swollen  proto- 
plasm. ) 


Fig.  409.     (x  480.) 


Fig.  410. 
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Fig.  411. 


480.) 


Fig.  411.— Same  as  410, 
lower  down  the  section.  Some 
balls  of  degenerated  myelin 
(stained  black)  alongside  young 
nerves.  A  few  faintly  outlined 
nuclei.  The  .smaller  dark  ob- 
jects are  nerves — they  were 
stained  mauve. 

Fig.  412. — Section  at  mid- 
dle of  excised  nerve.  Young 
nerves  (2  to  3/x)  outlined  in 
protoplasm  of  old  fibres.  Black 
border  of  fibre  has  a  notched 
appearance,  due  to  the  closeiy 
aggregated  young  nerves.  The 
very  faint  splotches  throughout 
the  section  are  nuclei  ;  they  do 
not  take  the  mauve  colour,  so 
are  photographed  with  difficulty. 


l-"ia.  412.     (X  4S0.) 


Fig.  413. — Numerous  young 
varicose  spiral  fibres  in  old  fibres 
of  nerve  bimdle.  Proximal  end. 
Four  months'  growth.  There 
are  5  to  10  new  tendrils  in  each 
original  nerve  fibre. 

Fig.  414. — New  growth  in 
old  fibres  and  in  thickened 
perineurium  of  distal  segment 
of  excised  nerve.  No  adult 
fibres  with  cone  formation  were 
seen  under  higher  magnification. 


Fig.  413.      (  x  90.) 


Fig.  414      (  x  90.) 


Fig.  415.  —  Many  good 
adult  nerves  (7  to  10m)  with 
cones  in  old  trunk  of  distal  end 
of  completely  divided  nerve. 
After  ()  months.  A  few  3/x 
nerves  and  .some  non-staining 
old  fibres  and  connective  tissue 
are  seen. 

Fig.  410.  —  Tendrils  and 
adult  nerves  in  old  bundle  in 
j)eripheral  .segment  of  excised 
nerve. 


Fig.  415.     (  x  240.) 


Fig.  416.     (  x  240.) 
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Fig.  417. — Axis  cylinders 
stained  by  Bielschowskj-'s 
method  in  peripheral  .segment 
of  excised   nerve. 

Fig.  418.  —  Foreign  body 
with  a  branching  nerve  tendril 
close  to  it.  Other  tendrils,  near 
by,  could  not  be  brought  into 
the  same  focus  with  the  one 
photographed. 


Fig.  417.     (  x  480.) 


Fig.  418.     (      480.) 


Fig.  419.— Bundle  of  adult 
and  young  fibres  in  lumen  of 
thrombosed  vessel.  The  nuclei 
in  the  vessel  walls  are  faintly 
outlined. 

Fig.  420. — Same  as  Fiy. 
419.  Young  varicose  fibres  (2 
to  4>i)  growing  in  walls  of  vein. 
They  are  spiral  in  form  and  nm 
in  various  directions. 


Fig.    419.     (  x  240.) 


Fig.   420.     (  x  240.) 


Fig.  421.     (  x  480.) 
VOL.  V. —  so.  20. 


Fig.  421. — Yoiuig  nerve 
fibres  in  vein.  Section  made 
at  point  of  branching  of  vein. 
There  is  a  fasciculus  in  the 
centre.  Several  varicose  ten- 
drils are  seen   in  the  branch. 

Fig.  422. — Cross  section  of 
proximal  end  of  excised  ner\-e. 
Endoneurium  increased.  Higher 
magnificat-ion  demonstrates 
young  tendrils  in  the  old  fibre:.. 
Cell  increase  present.  Macro - 
scopically  it  was  pinkish-gray, 
gelatinous,  and  divided  into 
lobules  (funiculi). 


Fio.  422.      (X  90.) 
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Fig.  423. — Yoiing  nerves 
in  distal  segment  of  excised 
nsrve,  intertwining  as  in  nerve 
callus.  Some  tendrils  discrete 
in  the  thickened  connective 
tissue.  Fasciculi  are  soon  cut 
longitudinally  and  transversely. 

Fig.  424.  —  Fasciculi  of 
young  fibres  in  vascular  con- 
nective tissue  alongside  a  nerve 
bimdle  in  adhesions.  The  black 
mass  is  the  bundle — individual 
nerves  may  be  traced. 


Fig.   423.      (  x  90.) 


Fig.   424.     (  x  90.) 


Fig.  425.— Bundles  of  full- 
grown  coned  fibres  in  proximal 
end.  Much  loose  connective 
ti.ssue,  infiltrated  '►with  blood, 
surrounds  the  bundles. 

Fig.  426. — Proximal  end. 
Many  good  fully-formed  fibres 
in  old  degenerated  bundle  (2J 
years).  Connective  tissue  has 
taken  the  place  of  many  fibres, 
and  is  increased  in  the  endo- 
and  perineurium.  (Magnifica- 
tion X  400  demonstrates  cones 
in  some  of  the  fibres.) 


Fig.  425.      (  x  90.) 


Fig.   426.      (  x  90.) 


Fig.  427. — Exci.sed'nerve  ; 
6  cm.  removed  ;  section  is  from 
the  firm  fibrous  portion  near 
the  middle.  Fa.sciculi  of  good 
adult  fibres.  The  fasciculi  are 
more  definitely  circumscribed 
than    usual. 

Fig.  428. — Very  much  like 
Fig.  427.  Interlacing  fa.sciculi 
like  those  .seen  in  nerve  callus. 
The  fibres  are  all  young.  This 
kind  of  tissue  is  very  common  in 
the  proximal  segment. 


Fig.   427.     (  x  90.) 


Fig.  428. 
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Fig.  429. — Interlacing  fas- 
ciculi of  young  netA-e.s  in  loose 
haeniorrhagic  connective  tissue. 
Taken  from  adhe:^ion.s  around 
the  nerve. 

Fig.  430. —  Nerve  callus 
from  bulb  of  posterior  tibiiil 
bound  in  scar  tis.sue  to  bone. 
Verj-  little  connective  tissue 
among  fasciculi.  These  mea.sure 
10  to  30m  and  contain  tendrils 
of  1  to  3  m.  V'an  Gieson's  stain 
shows  numerous  nuclei — elon- 
gated  and    oval-shaped. 


Fiu.    4i'9.     (X  90.) 


Fig.  430.      (  ;;  90.) 


Fig.  431.— From  adhesions 
to  the  nerve.  Xerve  callus 
makes  up  the  ma.s.s  of  the  atl- 
hesions.  Interlacing  fa.sciculi 
ijf  young  nerv-es.  Little  con- 
nective tissue. 


Fig.  432. — Xerve  callus  of 
bulbous  enrl  of  nerve.  Young 
varicose  tendrils  (1  to  3m)  in 
fa.sciculi.  Connective  tissue  un- 
stained. Xuclei  faintly  outlined 
as  blurred  masses  alongside  the 
tendrils. 


Fig.   431.      (   .  90.) 


Fig.   432.      (       240.) 


Fig.  433.  —  Xer^e  callus 
from  bulb.  Interlacing  fasciculi, 
more  nerve  than  connective 
tissue. 

Fig.  434. — Painful  skin  scar 
at  end  of  stump.  Co  led  fibre 
in  connective  tissue,  following 
a  blood-vessel.  Only  one  fibre 
in  thLs  fasciculus  could  be 
focussed  properly  in  taking  the 
photograph.  Specimen  gave  pos- 
itive result  with  Bielschowsky's 
axis  cylinder  stain. 


Fig. 


m.) 


Fig.   434.      (  x  480.) 
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Fig.  435.  —  Painful  skin 
scar.  A  fa'^ciculus  of  newly - 
formed  nerves  in  dense  fibrous 
tissue,  blood -ve'-sel  alongside. 
Coned  (8m)  and  varicose  (3m) 
fibres  seen  in  the  same  fasciculus. 

Fig.  436. — Distal  end  of 
excised  internal  cutaneous 
nerve.  A  guinea-pig  was  inocu- 
lated with  a  piece  from  this 
(cf.  Figs.  443,  444,  445).  A  few- 
young  varicose  tendrils  in  vas- 
cular celk.lar  connective  tissue. 
(Many  elongated  blunt  neuri- 
lemma sheath  nuclei  were  seen 
in  this  "section.) 


Tig.   435.      (  X  240.) 


Fig.    430.      (  x  480.) 


Fig.  437. — Proximal  end 
of  exci-sed  internal  cutaneous 
nerve.  A  guinea-pig  was  inocu- 
lated with  a  piece  from  this 
'  control  '  (cf.  Figs.  446,  447). 
A  few  good  adult  coned  fibres 
among  proliferating  nuclei  of 
the  neurilemma  sheath.  (This 
is  frequently  mistaken  for  con- 
nective tissue.) 

Fig.  438. — Distal  end  ot 
ulnar  nerve.  A  piece  from  this 
was  implanted  into  a  guinea-pig 
(cf.  Figs.  448,  449).  Discrete 
young  varicose  tendrils  (black) 
in  loose  cellular  connective 
tissue. 


Fig.   437.      (  x  90.) 


Fig,   438.      (  x  480.) 


Fig.  439. — Distal  end  of 
ulnar  from  which  a  piece  was 
transplanted  into  a  guinea-pig 
(cf.  Figs.  450,  451.  452,  453). 
Varicose  young  fibres  (3f*)  in 
connective  ti.ssue. 

Fig.  440. — Distal  end  of 
ulnar.  Implant  from  this  was 
placed  in  subcutaneous  tissue 
of  guinea-pig  (cf.  Figs.  454,  455. 
456,  457).  A  few  discrete  young 
varicose  tendrils  in  cellular  con- 
nective tLssue.  (Several  fibres 
are  in  the  field,  but  only  one  at 
a  time  could  be  well  focussed.) 


Fig.   439.      (  x  480.) 


Fio.    440.     (  X  480.) 
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Fig.  441. — ^Nerve  from  3i- 
months'  fcetas,  showing  cones 
and  globules. 

Fig.  442. — From  second 
biilb  of  proximal  segment  of 
ulnar  ner\-e.  A  piece  wa.s  im- 
planted into  a  guinea-pig  (cf. 
Fig.  458).  There  are  a  number 
of  tendrils  (1  to  2m)  in  a  bimdle, 
running  parallel  in  dense  con- 
nective tu«ue.  There  was  great 
roimd-cell  infiltration  and  den?* 
connective-tissue  formation,  and 
little  evidence  of  new  nerve 
formation  elsewhere. 


Fig.    441.      (  <  480.) 


Fig.   442.     (  x  90.) 


Fig.  443.— Eightday 
growth  in  guinea-pig  transplant. 
Fasciculus  of  young  and  full- 
grown  fibres  in  granulation 
tissue  in  the  subcutaneous  fat. 
{Fig.  436  represents  the  control 
piece.) 

Fig.  444 . — E  i  g  h  t  -  d  a  y 
growth  in  guinea-pig  transplant. 
Discrete  young  fibres  in  sub- 
cutaneous connective  tissue. 
Xerve  appears  black,  nuclei 
blurred. 


Fig.   ir.i.      (  ■    240.) 


Fig.    444.      (       480.) 


Fig.  445 . — E  i  g  h  t  -  d  a  y 
growth  in  guinea-pig  transplant. 
Degenerated  fasciculus  in  granu- 
lations. Cones  broken.  Black 
fragments  of  myelin  displaced. 

Fig.  446. — Guinea-pig 
tran.splant  (8  days).  Cellular 
granulation  tissue.  The  piece 
was  separated  by  an  inch  from 
growth  at  scar.  Both  varicose 
(young)  and  coned  (full-grown) 
fibres  are  seen.  (Fig.  437  shows 
the  control  piece  from  which 
this  grew. 


Fig.    445.      (       240.) 


Fig.    446.      (  x  480. 
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Fig.  447 . — G r o  w  t  h  in 
truinea-pig  (8  days).  Fasciculus 
of  young  fibres  in  vascular 
granulations  in  subcutaneous 
connective  tissue.  Nuclei  pro- 
liferating and  seen  in  close 
relation   to   nerv-e   tendrils. 

Fig.  448. — Growth  in 
guinea-pig  ( 1 3  days) .  Fasciculus 
in  granulations  in  subcutaneous 
fat.  Young  and  full-grown 
nerve  fibres.  Nerve  was  cut  as 
it  changed  its  direction. 


Fic   447.       (       480.) 


Fkj.    448.      (  X   240.) 


Fig.  449. — Growth  in 
guinea-pig  (13  days).  Fasciculi 
from  which  varicose  branching 
tendrils  are  spreading  in  the 
guinea-pig's  muscle.  Note  the 
bulbous  ends  of  the  growing 
young  nerves.  (The  spiral  form 
makes  it  impossible  to  show  the 
entire  length  of  the  tendril  in 
tlie  picture.)  Nerves  appear 
black. 

Fig.  450. — Growth  in 
guinea-pig  (35  days).  Single 
tendrils  in  granulations  in  .sub- 
cutaneous tissue,  appearing 
varicose    and   spiral. 


Fig.   449.     (  x_480.) 


Fig.   450.      (  x  480.) 


Fig.  451 . — G r o w t h  in 
guinea-pig  (35  days).  Youn^ 
varicose  fibres  in  spiral  form 
growing  about  hair  sacs. 

Fig.  452. — Growth  in 
guinea-pig  (35  days).  Trans- 
plant made  in  thigh.  Young 
spiral  tendrils  following  a  blood- 
vessel in  granulation  ti.ssue  in 
lymph  sinus  of  lymph  gland  in 
groin.  Some  may  be  faintly  seen 
out  of  focus.  I  [Lymph  follicles 
alongside. 


Fig.    451.      (  /  90.) 


Fig.    452.     (  x  90.) 


PATHOLOGY    OF    PERIPHERAL    NERVES       557 


Fig.  45  3. — Growth  in 
guinea-pig  transplant  (35  days). 
Young  spirals  in  granulations 
in  subcutaneous  fat.  Several 
varicose  tendrils  in  each  fasci- 
culus. The}-  follow  faintly- 
outlined    blood- vessels. 

Fig.  454. — Transplant  in 
guinea-pig    (18    days).       Fasci- 


culus   in    muscle. 
(8m)  fibres. 


Full-grown 


Fig.    453.     (  x  90.) 


Fig.    454.     (  x  90.) 


F I G  .'"4 5 5'. — G r o w t  h  in 
guinea-pig  tran-splant  (18  days). 
Fasciculus  of  full-grown  fibres 
(myelin  globules  noted)  in  sub- 
cutaneous tissue.  Cones  and 
axis  cylinder  .sheath  faintly  out- 
lined. 

Fio.  45  6. — Growth  in 
guinea-pig  transplant  (38  days). 
Lymph-gland  sinus,  containing 
granulations,  ner\'e  fasciculi, 
and  di.screte  tendrils.  Fa.sciculi 
are  densely  stained  (black). 
Young  spiral  tendrils  in  narrow 
fasciculus  at  edge  of  granu- 
lations. 


Fig.    455.    (  X  480.) 


Fig.  45G.     (  <  90.) 


Fig.  457  . — G r o w t  h   in 

guinea-pig  (38  days).  Spirals  of 
young  varicose  tendrils  in  granu- 
lations among  muscle  fibres. 

Fig.  458 . — O r o  w t  h  in 
guinea-pig  transplant  (5  days). 
Fasciculus  in  granulations  about 
piece  near  groin  separated  from 
original  seat  of  inoculation. 
Fasciculus  in  granulation  tissue 
alongside  degenerating  inocu- 
lated mass. 


Fig.    457.     (  x  240.) 


Fig.    458 
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A    STUDY    OF    A    SERIES    OF    WOUNDS    INVOLVING    THE 
BRAIN    AND    ITS    ENVELOPING    STRUCTURES. 

By  HARVEY  GUSHING. 

Director    U.S.    Army   Base   Hospital,   British   Expeditionary   Force. 

SUMMARY     OF     CONTENTS. 


Foreword  :    Material  and  Source. 
Classification  of  Wounds  of  the  Head 


The  following  subdivisions  adopted  : — 


Group      I. — Scalp  wounds  :    with  or  without  cerebral  contusion. 

//. — Wounds  with  local  fractures  but  with  intact  dura  :    with  or  without 
cerebral  injury. 
///. — Wounds  with  depressed  bone-fragments  puncturing  dura,  and  cerebral 

contusion. 
7 J'. — Wounds   with   detached   and   indrivcn   bone-fragments  :    brain   usually- 
extruding. 
V. — Penetrating  wounds  with  j)rojcctiIe  lodged  ;    brain  usually  extruding. 
VI. — Wounds   with   bone-fragments   or   projectile   opening   ventricle  :     brain 
usually  extruding. 
VII. — Wounds    involving    (a)    orbito-nasal,    (ft)    auro-petrosal    region:     brain 
exposed  :    meninges  opened. 
VIII. — Perforating  wounds  :    cerebral  injury  severe. 
IX. — Bursting  fractures  :    extensive  cerebral  contusion. 
The  Unoperated  Cases. 
The  Operative  Procedure. 
The  Complications  and  End-results. 


FOREWORD. 

When  novel  surgical  experiences,  no  matter  how  numerous,  are  crowded  into 
the  period  of  a  few  weeks,  it  is  unsafe  to  draw  too  many  deductions  therefrom. 
The  past  three  years  have  shown  how  often  favourable  opinions  which  were 
not  based  on  the-  study  of  end-results  have  had  to  be  retracted — how  often 
unfavourable  opinions,  based  on  improperly  conducted  operations,  have  had 
to  give  way  to  the  results  of  those  better  planned.  One  needs  but  recall  the 
story  of  many  of  the  antiseptics,  of  abdominal  operations,  of  experiences  with 
wounds  of  the  thorax  and  joints,  of  primary  and  secondary  suture  of  wounds. 
Hence,  what  may  be  said  in  these  pages  is  said  with  all  reservation  and  with 
full  admission  of  a  brief  apprenticeship. 

After  these  three  years  there  is  possibly  less  unanimity  of  opinion,  as 
regards  the  principles  of  treatment  of  cranio-cerebral  injuries  than  of  any 
other  type  of  wounds.  Reasons  are  not  far  to  seek.  Anything  classified  as 
neurological  is  looked  upon  by  many  of  us  as  baffling  and  difficult,  and  a 
feeling  prevails  that  the  ultimate  functional  results  after  recovery  from  serious 
cranial  injuries  are,  to  say  the  least,  forlorn.  Few  medical  officers  had 
received  training  in  the  surgery  of  the  central  nervous  system  before  the 
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war;  no  organized  instruction  has  been  given  in  the  subject  since;  and  the 
tools  provided  for  the  work  have  been  inadequate  and  antiquated.  Further- 
more, diverse,  and  at  times  confusing,  opinions  have  been  expressed  regarding 
the  treatment  of  these  conditions,  without  accompanying  mortaHty  figures 
and  ilkistrative  chnical  records  to  serve  for  others  as  a  basis  for  comparison. 
For  without  definite  statistics,  accompanied  by  case-histories,  the  surgeon 
cannot  tell  what  have  been  the  surgical  results  in  the  past  of  methods 
different  from  his  own  ;  without  them  he  cannot  tell  whether  his  own  per- 
centage of  recoveries  is  improving  as  time  goes  on. 

With  the  object  therefore  of  placing  on  record  the  account  of  a  consecutive 
series  of  surgically-treated  cases,  with  results  both  good  and  bad,  this  paper 
has  been  put  together ;  and  such  opinions  as  are  expressed  are  given  with 
full  appreciation  of  the  sentiment  in  the  opening  paragraph. 

Material. — During  the  three  months  from  July  23  to  Oct.  31,  1917,  a 
series  of  250  examples  of  injury  to  the  head  came  under  the  care  of  a  'surgical 
team,'  of  which  the  AVTiter  was  a  member,  at  a  casualty  clearing  station 
in  which  all  so-called  head  cases  for  a  given  army  front  were  congregated. 

As  recorded  elsewhere,*  219  of  these  cases,  which  were  in  large  part 
referred  to  us  or  selected  by  us  as  being  cases  of  major  gravity,  were  operated 
upon,  disclosing  wounds  of  the  following  types.  There  were  22  cases  with 
scalp  wounds  (101  per  cent),  54  with  wounds  involving  cranium  as  well  as 
scalp,  but  with  intact  dura  (24-6  per  cent),  133  with  wounds  with  dural 
penetration  (60-7  per  cent),  and  10  (4-5  per  cent)  massive  or  bursting  fractures 
with  serious  intercranial  complications,  though  usually  with  intact  scalp  and 
dura.  The  31  additional  cases  comprised  20  whose  condition  on  admission 
precluded  operation,  and  11  whose  injuries  were  allowed  to  pursue  their 
course  without  actual  operation. 

In  the  above  report  on  the  219  cases,  attention  was  called  to  a  method 
of  treating  penetrating  wounds,  its  essential  features  being  the  removal  en 
bloc  of  the  area  of  bony  involvement,  the  withdrawal  by  suction  through  a 
soft  catheter  of  the  devitalized  cerebral  tissue  lining  the  track,  without 
enlargement  of  the  dural  opening,  and  the  extraction  of  bone  fragments  with 
the  least  possible  increase  in  the  trauma  already  produced.  A  progressive 
improvement  in  the  percentage  of  recoveries  was  attributed  in  large  part  to 
the  adoption  of  these  methods,  for  the  mortality  of  the  133  cases  with  dural 
penetration  had  been  lowered  from  54-5  per  cent  for  the  first  44,  to  40-9  per 
cent  for  the  second  44,  and  to  28-8  per  cent  for  the  third  45  cases. 

These  figures,  it  should  be  pointed  out,  represent  the  combined  results 
of  a  single  team,  the  junior  members  of  which  were  occasionally  changed, 
and  though  all  of  us  operated  from  time  to  time,  the  writer  is  responsible  for 
the  majority  of  the  cases.  No  cases  have  been  eliminated  from  the  series 
for  any  cause,  even  when  death  has  been  obviovisly  due  to  some  complicating 
condition  apart  from  the  injury  to  the  head. 

At  the  outset  we  had  no  settled  programme,  except  to  limit  ourselves, 
so  far  as  eircimistanees  permitted,  to  the  eases  with  dural  penetration,  the 
post-operative  mortality  of  which,  from  hearsay,  we  were  led  to  believe  was 

*  "Notes  on  Penetrating  Wounds  of  the  Brain,"  Brit.   Med.  Jour.  1918,  Feb.  23. 
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something  over  50  per  cent.  There  were  no  prescribed  rules  of  procedure, 
aside  from  the  regulation  that  after  operation  cases  should  be  retained 
for  ten  days,  as  transportation  was  supposed  to  favour  the  post-ojjcrative 
complications  so  frequently  seen.  Unopcrated  cases,  on  the  other  hand, 
with  the  exception  of  those  with  a  rapid  pulse,  could  if  necessary  be  forwarded 
to  the  base  ;  indeed,  there  was  some  contention  that  all  cases  should  be  sent 
to  base  hospitals  for  their  operation,  as  there  was  no  harm  and  ])ossibly  some 
advantage  in  the  delay. 

Our  early  operations,  under  a  general  anscsthetic,  with  flap  exposures 
and  imperfect  cleansing  of  the  track,  did  very  badly,  and  the  mortality, 
usually  due  to  infection,  ranged  between  50  and  60  per  cent.  The  usual  line 
of  treatment  and  sequel  may  be  told  by  a  case  report. 


Case  1. — Rfni.  J.  Y.  (Serial  No.  7).  Left  parietal  penetrating  wound.  Incom- 
plete operation  :  bone  fragments  and  small  projectile  retained.  Abscess ;  fungus 
cerebri.    Death  :  encephalitis,  12th  day. 

Admission  to  CCS.  July  29,  1917,  9  a.m. — Wounded  about  eight   hours  pre- 
viously ;  wearing  helmet.     Stimned,  but  no  loss  of  consciousness.     Headache. 
General  Condition. — ^Good  ;  full^^  conscious  ;    warm  ;  pulse  96. 
Wounds. — Two  small  scalp  wounds  of  left  occiput  ;    a  small  penetrating  wound 
just  l>elow  left  parietal  eminence.      X  rays  show  small  fracture  of  left  parietal,  with 
metal  fragment  10  cm.  from  plate  near  mid-plane  of  skull. 

Neurological  Findings. — Paralysis  and  spasticity  of  right  arm  and  leg  ;  weakness 
of  right  face.      Also  lowered  sensory  perception  to  pain.      Slight  paraphasia.      Deep 

reflexes  exaggerated  in  right  arm  and  leg, 
without  clonus  ;  no  plantar  respon.se.  Possibly 
a  right  homonymous  (upper  quadrant)  hemi- 
anopsia. 

Operation,  10  a.m.  (after  9  hours). — Ether. 
Flap  reflected,  with  excision  of  scalp  wound  ; 
enlargement  by  rongeurs  of  small  opening  in 
skull,  disclosing  a  cerebral  protrusion  ;  circular 
resection,  with  enlargement  of  dural  opening  ; 
removal  by  palpation  and  irrigation  of  a  few 
superficial  bone  fragments  from  track  in  brain. 
Closure  with  lateral  rubber-tissue  wick  drains. 
Multiple  scalp  wounds  of  occiput  repaired.  A 
rapidly  conducted  procedure.. 

Post-operative  Course. — Incontinent,  rest- 
less, and  somewhat  irrational  for  two  days ; 
required  morphia.  Superficial  infection  of 
wound,  which  was  opened  and  Carrelized. 
Subsequently,  general  condition  improved, 
though  the  neurological  findings  were  unaltered.  Slight  rise  in  temperature  on 
seventh  day  ;  some  focal  seizures  in  face.  Small  fungus  cerebri,  with  discharge  of 
two  bone  fragments  and  some  disorganized  brain  tissue.  On  ninth  day  further 
discharge  of  bone  fragments.  Slowing  of  pulse.  On  eleventh  and  twelfth  days 
rise  of  temperature  to  105°  (Fig.  459),  with  stupor.     Death,  Aug.  9,  11  p.m. 

Autopsy. — Brain  shows  no  evidences  of  meningitis.  A  fungus  the  size  of  a 
pigeon's  egg  overlies  the  left  angular  gyrus.  The  track  of  the  projectile  is  surrounded 
by  softened  and  septic  brain  tissue  containing  spicules  of  bone.  It  passes  upward 
and  slightly  forward  through  the  parietal  lobe,  internal  capsule,  and  falx,  and  enters 
the  right  hemisphere,  where  lies  a  minute  shell-fragment  (Fig  460)  surrounded  by 
an  abscess  3  cm.  in  diameter  unconnected  with  the  very  septic  track.  The  0'35-grm. 
missile  shows  a  burnished  surface,  evidently  from  helmet  perforation. 
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Fig.   459. — Case   1.      Showing  temper- 
ature ri.se  after  ten -day  interval. 
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This,  in  short,  was  a  type  of  case  with  sequence  all  too  common — an 
incomplete  removal  of  infected  bone  fragments,  resulting  in  a  septic  track, 
a  spreading  encephalitis,  a  broken-down 
womid  with  fungus,  and  death  without 
meningitis.  Meanwhile  the  small  foreign 
body  Avas  making  its  own  separate  nest 
of  trouble  in  the  opposite  hemisphere. 
The  terminal  upset,  with  rise  in  tempera- 
ture on  the  eleventh  and  twelfth  days, 
would  naturally  have  been  attributed  to 
his  transportation  had  he  been  evacuated 
the  day  before. 

The  repetition  of  a  few  experiences  of 
this  kind  led  in  time  to  a  complete  change 
in  technique,  after  the  manner   described 

elsewhere,*  with  painstaking  toilette  of  the  track  carried  out  without  haste 
under  a  local  anaesthetic. 


Fig.  460. — Case  1.    Projectile  (natural 
size),  and  course  through  brain. 


CLASSIFICATION  OF    HEAD    INJURIES. 

For  many  people  the  term  gunshot  wound  of  the  head  brings  up  a  picture 
of  the  cranial  injury  alone.  It  is  the  fractured  skull  which  is  exhibited  in 
our  museums,  not  the  damaged  brain.  The  various  forms  of  fracture  are 
thus  familiar  to  all,  and  the  teachings  of  operative  surgery  explain  the  use  of 
the  trephine  and  the  manner  of  dealing  with  the  fracture,  scant  attention 
being  paid  to  the  neurological  lesion  imderneath. 

Fractures  of  the  skull  have  been  most  variously  classified — according  to 
their  anatomical  situation  (frontal,  temporal,  basal,  etc.),  according  to  the 
character  of  the  bony  lesion  (fissured,  depressed,  penetrating,  etc.),  according 
to  the  mechanism  of  their  production  (by  bending,  bursting,  etc.).  Gunshot 
wounds  are  usually  placed  in  a  separate  category,  which  again  has  been  made 
to  imdergo  further  subdivisions  according  to  the  nature  of  the  projectile,  its 
size  or  course,  its  lodgement  or  otherwise,  the  region  of  impact,  the  extent 
of  radiation  of  the  fissures,  and  many  other  qualities. 

But,  to  the  victim  of  the  injury,  what  has  happened  to  the  skull  is  of 
far  less  moment  than  what  has  happened  to  the  brain,  and  this  has  been  given 
less  study.  Indeed,  since  the  time  of  Hippocrates  we  have  been  warned 
against  carrying  our  investigations  beneath  the  dura.  This,  however,  we  are 
often  compelled  to  do,  and  in  so  many  cases  has  the  membrane  been  opened 
for  us  by  the  missile,  that  a  subdivision  of  projectile  wounds  of  the  head  into 
those  with  and  those  without  dural  penetration  has  become  a  fairly  common 
one.  We  thus  have  already  had  forced  upon  us  some  recognition  of  the  intra- 
cranial injury  in  our  efforts  suitably  to  classify  wounds  of  the  head. 

In  the  present  paper  the  attempt  will  be  made  to  carry  the  matter  a 
little  further,  and  to  grade  the  cases  in  accordance  with  the  seriousness  of 
the  condition  so  far  as  the  cranial  contents  are  concerned.     The  gradations 
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are  tentative,  and  have  been  made  as  comprehensive  and  as  few  in  number 
as  possible ;  also  with  the  least  possible  dislocation  of  our  old  formulas 
regardincT  the  cranial  injury.  The  scale  is  one  of  ascending  severity,  and  as 
will  be  seen,  the  surgical  mortality  for  each  successive  group,  with  a  single 
exception,  is  higher  than  the  one  before.  There  are  doubtless  imperfections 
in  the  scheme,  and  other  subdivisions  may  be  better,  but  it  is  thrown  out 
merely  as  a  temporary  working  basis  on  which  cases  may  be  recorded  for 
purposes  of  comparison   without  too  great   elaboration. 

HEAD    INJURIES    GRADED    ACCORDING    TO    THEIR    SEVERITY. 

With  mortality  figures  for  each  group  under  the  condition  recorded. 


Grade  I. — Wounds  of  the  Scalp,  with  Intact  Cranium  and  Dura, 

Occasional  underlying  cerebral  contusion.      22  cases  :   1  death  (4'5  %). 

Grade   II. — Wounds    Producing   Local   Fractures  of   Variable   Types,  with 

the  Dura  Intact. 


Type    A.  —  Without  de- 
pression of  external  table. 

Type  B. — With  depression 
of  external  table. 


Local  contusions  of  brain  or 
extradural  extravasation  fairly 
common. 

54  cases:   5  deaths  (9-2%). 


Grade  III. — Local  Depressed  Fractures  of  Various  Types,  with  the  Dura 

Punctured. 


Local  contusions  inevitable, 
usually  with  positive  neuro- 
logical signs  ;  cerebral  extrusion 
uncommon. 

18  eases  :   2  deaths  (11-8  %). 


Grade  IV. — Wounds,  Usually  of  Gutter  Type,  with  Detached  Bone  Fragments 

Driven  into  Brain. 


Local  contasion  severe,  and  ex- 
trusion of  brain  almost  inevi- 
table. P'ungus  cerebri,  encepha- 
litis, etc.,  common  sequels. 

25  cases  :   6  deaths  (24  %). 
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Grade  V. — ^Wounds  of  Penetrating  Type,  with  Lodgement  both  of  Projectile 

AND  Bone  Fragments. 

Brain  often  extruding  :  contu- 
sion along  track.  Symptoms 
depend  on  size  and  course  of 
missile.  Common  sequels  :  early 
compression,  lat^  abscess. 

41  cases  :  15  deaths  (36-6  %). 


Grade    VI. — Wounds    with    Ventricles    Penetrated    or    Traversed    (A)    By 
Bone  Fragments,  (B)  By  Projectile. 

Cerebral  lesion  as  in  Grades  IV 
and  V,  with  cerebrospinal  fluid 
escape.  Haemorrhage  into,  or 
subsequent  infection  of  ven- 
tricle common. 

Type  A. — 
14  cases:   6  deaths  (42-8  %). 

Type  B.~ 
16  cases  :   16  deaths  (100  %). 


Grade  VII. — Wounds  of  Cranio-cerebral  Type  Involving  (A)  Orbital-nasal, 

(B)    AURO-PETROSAL   REGION. 


Brain  commonly  exposed  and 
extruding  ;  radiating  fractures  ; 
nasal  or  petrosal  cavities  opened  ; 
meningitis  common. 

15  cases  :   11  deaths  (73-3  %). 


Grade  VIII. — Wounds  with  Cranio-cerebral  Perforation. 


Extensive  cranial  and  cerebral 
damage  common.  Death  usu- 
ally due  to  intracranial  haemor- 
rhage and  compression. 

5  cases  :    4  deaths  (80  %). 


Grade  IX. — Cranio-cerebral  Injuries  with  Massive  Fracture  of  Skull. 


Widespread  cerebral  contusion. 
Compression  phenomena  com- 
mon. 

10"cases  :  5  deaths  (50  %). 
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The  present  is  no  time  to  become  deepl}^  involved  in  new  elassifications. 
Hence,  in  the  foregoing  scheme,  as  few  new  elements  as  possible  have  been 
introdnced,  chiefly  those  relating  to  the  important  matter  of  intracranial 
infection — dnral  penetration,  cerebral  extrusion,  ventricular  penetration,  and 
opened  portals  of  infection  through  nose  and  inner  ear.  Other  elements  which 
greatl}'  modify  the  wounded  man's  chance  of  recovery— the  degree  of  shock 
and  cxj)osure,  the  establishment  of  infection  before  admission  in  cases  lying 
out,  the  lapse  of  time  between  the  injury  and  the  operation,  the  multiplicity 
of  cranial  woimds,  com])licating  conditions  such  as  concomitant  woimds  else- 
where or  gas  poisoning — all  these  and  many  more  modifying  elements  must 
be  omitted,  lest  there  be  too  arreat  confusion. 


Group   /.—WOUNDS    OF    THE    SCALP. 

Of  all  superficial  woimds,  simple  scalp  wounds  are  possibly  the  most 
susceptible  to  primary  elosiu'e,  with  early  return  of  the  patient  to  his  duties. 
Hence  the  inclusion  of  scalp  wounds  in  a  discussion  of  wounds  of  the  head 
might  seem  unnecessary,  were  it  not  for  the  tendency  to  underestimate  them, 
and  to  forget  that  even  among  the  walking  wounded  every  scalp  woimd  must 
be  regarded  as  a  potential  penetrating  lesion  of  the  brain.  For  even  with  the 
help  of  radiography,  it  may  be  impossible  to  foretell  what  investigation  will 
reveal  in  the  way  of  an  imderlying  lesion. 

On  the  other  hand,  we  may  overestimate  the  scalp  wound.  In  the  series 
of  22  verified  cases,  there  were  16  in  which  a  cranial  or  cranio-cerebral  injury 
was  anticipated,  either  because  of  the  patient's  neurological  symptoms,  or 
because  of  the  appearance  of  the  external  wound  itself.  For  example,  the 
field  medical  cards  of  three  of  the  patients  recorded  the  presence  of  a  hernia 
cerebri,  which  on  investigation  proved  to  be  merely  a  pulsating  clot  filling  a 
superficial  gutter-wound  of  the  temporal  muscle. 

However,  though  many  scalp  woiuidii  which  appear  serious  prove  to  be 
trifling,  more  which  appear  trifling  prove  to  be  serious.  Two  cases  of  the 
series  were  prepared  for  operation  owing  to  the  presence  of  a  large  gutter 
wound  of  the  scalp,  with  the  expectation  of  finding  a  fracture  ;  and  not  until 
the  head  had  been  shaved,  was  a  small  wound  disclosed  elsewhere  which  was 
actually  a  wound  of  penetration,  the  obvious  wound  proving  on  investigation 
to  be  limited  to  the  sealj^  alone.  All  surgeons  working  in  a  forward  area  have 
had  similar  experiences.  Even  the  x  rays  may  not  help  greatly,  for  they  often 
fail,  oji  a  lateral  view,  to  disclose  slightly  depressed  fractures  ;  while  on  the 
other  hand,  irregularities  of  the  skull,  particularly  those  along  the  mid-vertex, 
may  be  mistaken  for  fractures. 

Scalp  wounds,  in  fact,  cannot  be  glossed  over  in  making  a  report  on 
wounds  of  the  head.  The  statistical  study  of  all  the  cases  with  a  diagnosis  of 
gunshot  wounds  of  the  head  or  scalp,  during  a  two  weeks'  period  of  military 
activity  with  a  large  number  of  wounded,  disclosed  the  fact  that  85  per  cent 
of  all  the  cases  were  immediately  evacuated  after  a  mere  change  of  dressing 
— practically  all  of  them  walking  cases,  the  wounds  supposedly  being  scalp 
wounds.  Many  severe,  even  penetrating,  wounds  must  have  been  included. 
It  is  of  course  a  physical  impossibility  to  examine  neurologically,  to  submit 
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to  an  r-ray  exposure,  and  to  operate  upon  all  cases  in  times  of  pressure  ;  and 
whether  the  simple  or  the  more  severe  wounds  should  be  given  operative 
attention  at  such  a  time  is  a  matter  for  a  military  rather  than  a  medical 
decision. 

Twenty-two  cases  in  the  series  were  classified  as  scalp  wounds  on  the 
basis  of  the  operative  findings,  for  the  outer  skull  proved  to  be  intact,  and  none 
of  them  were  trephined.  In  12  of  them  (54-5  per  cent)  there  were  complica- 
ting wounds  elsewhere  of  greater  or  less  severity.  There  was  one  fatality. 
This  mans  story  may  be  cited  at  the  outset,  to  illustrate  the  difficulties  of  any 
classification  and  the  admitted  imperfections  of  the  one  adopted. 


Figs.  401,  462. — Case  3. — Showing  external  table  practically  intact  except  for  distant 
fissures  ;    internal  table  with  extensive  defect  {cf.  Fig.  4(53). 


Case  2.— Pte.  T.  L.  (Serial  No.  27). 
of  hind-brain. 


Scalp  wound,  with  fatality  ftom  contusion 


Admitted  Aug.  1,  1917,  9.30j[p.m.— Unconscious.  Pulse  90,  irregular.  Respir- 
ation shallow,  rh>-thmic,  giu-gling.  Multiple  wounds  of  arm  ;  scalp  wound  of  mid- 
vertex.     Exaggerated  deep  reflexes. 

Aug.  2,  12.10  a.m. — Lumbar  puncture  :  50  c.c.  ver\-  bloody  cerebrospinal  fluid. 
2  a.m. — Operative  repair  of  multiple  wounds.  Consciousness  never  regained.  Cheyne- 
Stokes'  respiration.     Death  in  48  hours. 

Autopsy. — No  cranial  injury  ;  outer  aspect  of  brain  normal,  but  there  were 
clots  and  bloody  fluid  in  the  cerebellar  fossa,  and  sections  disclosed  a  small  haemor- 
rhage in  the  cerebellar  vermis. 
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Fio.  463. — Case  3.       The    indriven 
fragments  of  inner  table  (natural  size). 


The  clinical  diagnosis  lay  between  fracture  of  the  base  and  a  parasinoidal 
contusion,  neither  of  which  was  found.     The  case  remains  on  record  as  one  of 

"  multiple  wounds,  including  scalp."  Tre- 
panation in  this  ease  would  have  been 
luiavailing,  but  it  is  quite  probable  that 
some  of  the  other  cases  in  this  group  should 
not  only  have  been  trephined,  but  should 
have  had  the  dura  opened  as  well,  for  eleven 
out  of  the  number  showed  distinct  evidence 
of  moderate  intracranial  damage — a  para- 
phasia, a  partial  or  complete  hemianopsia, 
or  a  slight  motor  or  sensory  monoplegia  ; 
and  one  or  two  severe  scalp  wounds  of  the 
vertex  showed  a  certain  degree  of  spasticity, 
indicating  a  bilateral  contusion  of  the  mesial 
portions  of  the  hemispheres. 

Among  the  cranial  injuries  of  Group  II ^ 
there  are  many  examples  of  a  slightly  scored 
external  table,  and  it  is  interesting  to  find  that  a  larger  proportion  of  these 
cases  had  intracranial  sym- 
ptoms than  had  those  with 
a  simple  scalp  wound.  It 
is  well  known,  however, 
that  an  intact  external 
table  may  conceal  an  in- 
jury of  the  internal  table, 
with  serious  cerebral  con- 
tusions due  to  penetration 
of  bone  fragments.  It  is 
in  cases  of  this  kind  that 
one's  surgical  judgement 
is  put  to  the  greatest  test, 
for  the  temptation  is  great 
to  follow  a  'let  alone  ' 
policy.  Doubtl(?ss  a  tem- 
porizing policy  is  the  wisest 
one  if  the  scalp  wound  is 
seriously  infected. 

The  following  case 
furnishes  an  example  of  a 
badly  infected  scalp  wound 
with  an  apparently  intact 
skull  which  probably  would 
not  have  been  trephined. 
The  patient  was  on  the 
pre-operation  table  after 
being  shaved,  and  suc- 
cumbed while  awaiting  his  turn.  The  case,  therefore,  does  not  occur  in  the 
operation  series. 


Fig.  464. — Case  3.     From  sketch  at  autopsy  after 
removing  calvarium. 
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Fig.  465. — -Case  3.     Section  through  the  eontased 
area,  showing  position  of  bone  fragments. 


•  Case  3. — Pte.  J.  G.  Spastic  paraplegia.  Very  large  gutter  wound  in  mid- 
vertex.  Bxtemal  table  intact.  Fragments  of  inner  table  driven  through  para- 
sinoidal margin  into  hemisphere,  vrith  large  area  of  disorganization.  No  operation. 
Death. 

Admission,  Aug.  4,  1917,  2  p.m. — Wounded  during  the  attack  of  July  31.  Has 
been  lying  out  since  that  time.  Brought  in  by  bearers  to  field  ambulance  this 
morning. 

General  Condition.  —  Profoundly 
unconscious ;  restless ;  cold.  Pulse 
140,  irregular.  Respiration  48,  gur- 
gling. 

Wound.  —  A  longitudinal  gutter 
wound  of  vertex  slightly  to  right  of 
mid-line,  8  cm.  in  length.  Margins 
very  septic  ;  stinking  :  containing 
maggots.  In  base  of  wound  a  dry, 
intact,  denuded,  external  table  was 
exposed.     Xo  x-ray  examination. 

Neurological  Symptoms. — .Appar- 
ent complete  flaccid  paralysis  of  left 
arm  and  leg.  Patient  moves  right 
arm  and  leg,  tearing  at  bandage  with 
right  hand.  Deep  reflexes  exagger- 
ated, with  bilateral  dorsal  plantar 
response. 

4  p.m. — Prepared  for  operation 
as  a  last  resort.  Died  shortly  after 
head  was  shaved. 

Autopsy. — The  external  surface  of  the  calvarium  is  relatively  intact  (Fig.  461), 
with  two  or  three  fine  linear  radiating  Assures  extending  across  the  parietal  bone  a 
short  distance  from  the  region  of  the  scalp  wound.  On  removing  the  calvarium, 
an  area  of  inner  table  is  found  missing  (Fig.  462),  the  fragments  (Fig.  463),  five  in 
number,  having  been  driven  through  an  irregular  tear  in  the  dura  adjoining  the 
longitudinal  sinus,  the  side  of  which  has  been  torn  into.  One  of  the  large  veins 
entering  the  sinus  (anastomotica  magna)  has  been  torn  across,  and  the  vessel  is 
densely  thrombosed  (Fig.  464).  The  tear  in  the  arachnoid  measures  2  by  3  cm. 
The  longitudinal  sinus  contains  an  ante-mortem  clot,  which  extends  forward  from 
the  site  of  the  injury  about  5  cm.  Over  the  entire  posterior  hemisphere  on  the  right 
is  a  thin  superficial  subdural  clot.  The  left  hemisphere  appears  normal.  On  section 
(Fig.  465),  there  is  found  a  large  area  of  cerebral  disorganization,  with  a  clot  the  size 
of  a  pigeon's  egg  in  its  centre.  The  bone  fragments  were  found  driven  into  the 
brain  to  a  depth  of  5  cm.,  just  short  of  the  ventricle. 

An  experience  of  this  kind  makes  one  hesitate  to  say  that  an  intact  skull 
should  not  be  trephined,  particularly  when  it  overlies  the  longitudinal  sinus. 
In  view  of  his  holding  out  so  long,  had  this  unfortunate  man  been  brought  in 
sufficiently  early,  an  operation  in  all  probability  would  have  saved  him. 

We  will  return,  when  discussing  the  next  group  of  cases,  to  the  question 
of  trepanation  even  when  there  is  apparently  an  intact  skull,  for  it  cannot 
be  too  often  or  too  emphatically  emphasized  that  the  essential  feature  of  these 
cases  is  not  the  condition  of  scalp  or  skull,  but  the  concomitant  injury  of  the 
brain.  One  may  find,  indeed,  that  a  scalp  wound  has  left  even  the  pericranium 
intact,  and  yet  that  the  pericranium  conceals  a  cranial  fracture  (cf.  Case  10). 

The  configuration  of  the  woimd,  unreliable  as  appearances  are,  is  a  more 
valuable  index  of  associated  cranio-cerebral  lesions  than  its  size,  which  varies 
from  the  smallest  point,  easily  overlooked,  to  multiple  wounds  or  to  single 
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defects  of  huge  dimensions.  Some  of  the  most  seriously  lacerated  scalp 
wounds  in  the  series  were  apparently  })rodueed  by  the  helmet ;  for,  when 
guttered  by  a  large  missile,  the  incurved  edges  of  metal  may  plough  through 
the  scalp  like  a  harrow,  and  lacerate  it  extensively.  Indeed  a  man  was 
admitted  to  an  adjoining  hospital  Avith  two  incurved  flaps  of   the  helmet, 

reamed  out  like  tin  before  a 
can-opener,  actually  penetrating 
the  skull,  so  that  the  helmet 
was  caught  in  the  skull  as 
though  by  a  pair  of  tongs,  and 
had  to  be  cut  away. 

The  largest  scalp  wound  in 
the  series  was  ploughed  out  in 
this  way  by  the  helmet  {Fig. 
466).  It  extended  from  the 
])arietal  eminence  forward  to 
the  hair  margin,  a  distance  of 
17  cm.,  and  at  its  centre  the 
lacerated  area  was  7  cm.  in 
width.  The  skull  was  not  even 
scratched,  and  the  patient  prac- 
tically without  symptoms,  but  the  woimd  was  too  large  to  close. 

Much  more  might  be  said  concerning  scalp  wounds  produced  by  projec- 
tiles, and  the  difficulties  of  being  sure  of  their  nature  without  operative 
investigation.  On  one  occasion,  after  we  had  made  a  number  of  mistakes 
both  ways,  a  wager  was  laid  between  the  disputants  regarding  a  certain 
wound  which,  though  of  the  gutter  type,  appeared  trifling  and  superficial, 
with  no  neurological  symptoms.  At  operation,  the  fracture  shown  in  Fig. 
480  (p.  579)  was  disclosed. 

Briefly,  we  may  say  that,  unless  disproved  by  investigation,  a  fracture 
may  be  supposed  to  underlie  every  scalp  wound  made  by  a  projectile. 


Fig.  466. — Perforation  of  helmet  associat«d  merely 
with  scalp  wound. 


Group  //.—LOCAL     FRACTURES     WITH     INTACT     DURA,     WITH     OR 
WITHOUT     CEREBRAL     CONTUSION. 

In  warfare  it  is  naturally  taken  for  granted  that  a  cranial  fracture  is 
accompanied  by  a  wound  of  the  scalp  ;  in  other  words,  that  it  is  a  compound 
or  open  fracture  occasioned  by  a  projectile.  This  is  usually,  though  not 
always,  the  case,  for  many  extensive  fractures  of  the  skull  occur  from  other 
causes — from  falls,  from  being  buried,  or  a  heavy  missile  may  impart  to  a 
helmet  a  sufficiently  diffuse  blow  to  cause  a  widespread  fracture  without 
external  injury. 

By  far  the  larger  number  of  wounds,  however,  are  produced  by  an  impact 
more  or  less  local  in  its  effect,  with  circumscribed  injury  to  the  scalp,  bone, 
and  brain,  and  one  may  make  almost  any  number  of  subdivisions  of  these 
local  cranial  injuries. 

In  my  former  paper  already  referred  to,  they  were  divided  into  two 
groups  :    (1)  Those  in  which  the  area  of  depressed  bone  showed  the  mosaic 
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of  fragments  more  or  less  adherent ;  and  (2)  Those  in  which  the  fragments 
were  detached  and  showered  into  the  brain.  The  reason  for  making  this 
distinction  lay  in  the  fact  that  the  former  type  is  usually,  though  not  always, 
accompanied  by  an  intact  dura,  and  the  latter  with  a  lacerated  membrane, 
the  purpose  of  the  paper  having  been  to  emphasize  the  particular  risks  to 
life  associated  with  dural  penetration. 

In  the  present  paper  these  various  local  injuries  may  be  analyzed  a 
little  more  closely,  for  the  character  of  the  bony  injury  must  always  remain 
a  matter  of  interest,  and  have  some  influence  upon  any  classification,  even 
though  the  injury  to  the  brain  is  admittedly  the  factor  of  chief  importance. 

The  series  contains  54  examples  of  local  cranial  injury  which  fall  in  this 
group  :  28  of  Tifpe  A  (cf.  diagram,  p.  562),  with  the  external  table  practically 
intact,  with  or  without  a  verified  depression  of  the  inner  table  ;  26  of  Type  B, 
with  depression  of  both  tables.  In  the  latter  type  trepanation  is  indicated, 
even  in  the  absence  of  neurological  symptoms  ;  in  the  former  type  trepanation 
must  rest  on  one's  judgement  in  the  individual  case. 

An  intact  dura  was  certified  by  trepanation  in  38  of  the  54  cases,  29  of 
them  having  shown  definite  intracranial  symptoms.  The  dura  was  presumably 
intact  in  the  remaining  16  which  were  not  trephined.  These  16,  in  short, 
sho^ved  merely  a  simple  graze  or  fissure  of  the  bone,  and,  in  the  absence  of 
neurological  manifestations  of  a  local  contusion,  they  were  treated  as  simple 
scalp  woimds,  with  excision  and  closure  without  trepanation. 

All  of  the  26  cases  of  Type  B,  with  depressed  external  table,  were 
trephined  ;  neurological  evidences  of  a  focal  lesion  were  pre-existent  in  15, 
and  in  6  the  intact  dura  was  incised  owing  to  the  disclosure  of  a  local  contu- 
sion, with  1  fatality.  In  contrast  to  this,  13  of  the  28  cases  of  Type  A, 
showing  merely  a  graze  or  fissure  of  the  outer  table,  were  trephined  owing 
to  focal  symptoms.  A  depression  of  the  internal  table  was  found  only  in 
2  cases,  but  in  3  a  large  extradural  clot  was  exposed,  and  in  5  others  a  tense 
plum-coloured  dura  overlying  a  contusion  was  found  and  incised. 

All  told,  there  were  5  deaths  in  the  54  cases  (mortality  9-2  per  cent)  : 
one  from  septic  bronchitis  of  gas  poisoning,  one  from  a  gas-gangrene  infection 
arising  from  a  woiuid  of  the  upper  thigh,  one  from  acute  cerebral  compression, 
one  from  a  cerebral  infection  consequent  on  opening  the  dura,  one  from  a 
secondary  cranial  operation  in  a  home  hospital  on  a  patient  with  dura  un- 
opened at  the  casualty  clearing  station.  There  were,  in  short,  37  trepanations, 
with  the  dura  incised  in  11  cases,  and  2  deaths  ;  there  were  16  cases  not 
trephined,  with  3  deaths.  It  will  be  seen  from  the  case  reports  that  some  of 
the  patients  whose  dura  was  not  incised  would  probably  have  done  better 
had  the  membrane  been  opened. 

Type  A.  Local  Fractures  without  Depression  of  External  Table. 
— For  the  purposes  of  our  present  discussion,  these  lesser  cranial  injuries 
may  be  subdivided  into  :  (1)  Those  with  or  Avithout  focal  symptoms,  but  not 
trephined  ;  (2)  Those  trephined  owing  to  focal  symptoms,  but  the  dura  left 
unopened  ;    (3)  Those  trephined  owing  to  symptoms,  and  the  dura  incised. 

1.  Cases  not  Trephined. — Three  histories  may  serve  to  illustrate  the  first 
subdivision. 


570       THE    BRITISH    JOURNAL    OF    SURGERY 


Case  4. — Rfm.  S.  F.  (Serial  No.  219). — Large  scalp  wound.  Mild  sinus  syndrome. 
Cranium  slightly  scored.    Not  trephined. 

Admission  to  C.C.S.,  Oct.  30,  1917,  6.45  p.m. — ^Wounded  in  the  early  morning  : 
a  piece  of  shell  caught  his  helmet  and  made  a  deep  gutter  in  it  (Figs.  467,  468)  ;   no 

loss  of  consciousness ;  walked  about 
three  miles  to  field  ambulance- 
Present  condition  good. 

Wound.  —  A  large  lacerated 
gutter  wound  9  cm.  long,  obliquely 
crossing  the  mid- vertex.  No  a?-ray 
examination. 

Neurological  Findings. — Some 
stiffness  of  the  lower  extremities, 
with  exaggerated  deep  reflexes, 
though  without  clonus  or  dorsal 
plantar  response. 

Operation,  9.30  p.m.  (circa  15 
hours). — Novocain.  Dirty  wound 
edges  repaired,  disclosing  slightly 
scored  bone  containing  two  or  three 
tiny  cracks,  in  one  of  which  a 
minute  metallic  foreign  body  was 
imbedded.  Wound  Carrelized  and 
left  wide  open.     Evacuated. 

In  the  next  example,  owing 
to  the  dirty  scalp  woinid  and  the 
improbability  of  its  being  clos- 
able,  the  skull  was  not  trephined, 
in  spite  of  the  neurological  evi- 
dence of  a  local  contusion.  As 
will  be  seen,  the  restoration  of 
fvmction  has  been  very  slow. 

Case  5.— Sgt.  J.  G.  (Serial  No. 
55). — Mild  sinus  syndrome.  PissTir- 
ed  fracture  of  vault.  Not  trephined. 
Imperfect  recovery. 

Admitted  to    C.C.S.,   Aug.    16, 
1917,   11.15  a.m.— Wounded    by   a 
shell  at    9  p.m.  of  preceding  day. 
Wearing     helmet.      Was    knocked 
down,  but  not  rendered  unconscious. 
Immediate  numbness  of  right  foot. 
On  attempt  to  get  up  and  walk, 
"  leg  doubled  under  him." 
General  Condition. — Conscious  ;    rational  ;   cold  ;    some  headache.     Pulse  92. 
Neurological  Findings. — Fundi  slightly  oedematous.     Paralysis  of  right  leg,  with 
slight  impairment  of  .sensation.     Right  arm  slightly  weak,  though  patient  attributes 
this   to  a   former  wound.      Deep   reflexes  hyperactive,  with  slight  clonus  at  right 
ankle.     Plantar  responses  normal. 

Wound. — Large,  dirty,  lacerated,  transverse  scalp  wound  on  vertex,  measuring 
8  by  5  cm.,  slightly  more  to  left  than  to  right  of  mid-line.  X  rays  show  no 
abnormality. 

Operation,  12  noon  (15  hours). — Novocain.  Excision  of  extensive  scalp  wound, 
di.sclosing  a  small  fissured  fracture  directly  over  mid-line.  Wound  partially 
closed. 


Figs.  467,  468. — -Characteristic  guttered  helmef  of  Case  4, 
with  scalp  wound  and  .sHghtly  scored  bone. 
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Au^.  18. — Slight  power  of  flexion  regained  in  right  leg,  but  condition  otherwise 
unaltered.     Exaggerated  reflexes  persist  on  right.     Evacuated. 

Subsequent  Reports. — Nov.  29  (by  letter). — Complaint  of  dull  headache  with 
dizziness  on  exertion.  Paralysis  of  right  leg  persisted  for  about  three  weeks,  and 
though  now  able  to  walk  with  some  stiffness,  function  has  been  very  imperfectly 
regained.  Dec.  28,  report  from  officer  at  M.C.H.,  Hollj-wood.- — Still  some  muscular 
weakness  in  right  arm  and  leg  ;  condition  slowly  improving.  Some  headache  and 
dizziness  on  exertion,  otherwise  in  best  of  health.  Feb.  5,  1918  (bj'  letter). — Com- 
plains of  numb  feeling  in  leg  when  he  walks  far  ;   also  of  headaches  ;   still  in  hospital. 

The  following  is  another  example  of  the  long  delay  in  clearing  up  of  the 
focal  symptoms  due  to  a  contused  area  when  the  dura  has  not  been  opened 
and  the  disorganized  brain  removed.  The  conditions  were  favourable  for 
dural  incision,  but  the  case  occurred  fairly  early  in  the  series,  before  this 
radical  measure  was  often  ventured  upon. 

Case  6. — Pie.  S.  W.  M.  (Serial  No.  72).  Scalp  wound  with  scored  cranium. 
Not  trephined.     Persistence  of  focal  symptoms. 

Admission  to  C.C.S.,  Aug.  22,  1917,  11.30  a.m. — At  6.30  a.m.  was  sitting  in 
a  concrete  dugout  which  received  a  direct  hit  by  a  high-explosive  shell.  No  loss 
of  consciousness.  Walked  back 
one  kilometre  to  an  A.D.S.,  where 
he  was  made  a  stretcher  case. 
Was  wearing  helmpt,  which  was 
traver-sed  by  shell  fragments  (Fig. 
469).  Patient  volunteers  that 
during  the  course  of  the  morning 
his  left  arm  has  "  kept  going 
dead,"  though  there  have  been  no 
definite  focal  seizures. 

Condition. — Patient  rational; 
body  warm  ;    pulse  64.. 

Wound. — A  triangular-shaped 
wound  to  the  right  of  the  mid- 
vertex,  supposedly  p)enetrating. 
X-ray  report :  "  No  abnormality." 

Neurological  Findings. — Left 
arm  and  leg  weaker  than  right  ; 
considerable  hypaesthesia  to  all 
sensory   stimuli  ;    loss    of   muscle 

sense  ;   complete   astereognosis.     Slight  nystagmus  to  right, 
normal  limits. 

Operation,  2  p.m.  (7^  hours). — Novocain.  Tripod  incision,  disclosing  a  slight 
excoriation  in  the  parietal  bone  without  linear  fracture.  Patient  not  trephined, 
owing  to  pressure  of  more  serious  cases.     Closure  without  drain.     Evacuated. 

Subsequent  Reports. — Aug.  28,  No.  2  Can.  Gen.  Hosp. — Slight  headache  ;  no 
neurological  note.  Evacuated  to  U.K.  Sept.  19,  Univ.  Coll.  Hosp. — Persisting 
weakness  of  left  arm  and  leg,  with  loss  of  muscle  sense  in  left  arm.  Jan.  1,  1918, 
Mitchie  Hosp.,  Queen's  Gate  (by  letter). — Weakness  of  left  side  subsiding.  An 
ar-ray  plate  reported  to  show  an  abscess  (probably  misread).  Feb.  11  (by  letter). — 
Discharged  from  hospital,  Jan.  18  ;  put  in  Grade  B3  ;  on  fatigue  duty  at  M.G. 
depot  ;    some  headaches. 


Fig.   469. — Case    6.     Showing    seriously  damaged 
helmet  of  patient   with   but   slightly  scored  cranium. 


Deep  reflexes  within 


2.  Cases  Trephined  but  Dura  Unopened. — The  two  following  cases  tall  in 
the  second  subdivision.  In  the  first  case  the  external  table  was  intact  but 
the  inner  was  fractured. 
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Case  7. — Pte.  H.  F.  (Serial  No.  73).  Scalp  wound  of  vertex.  Mild  sinus  syndrome. 
External  table  intact.  Trepanation.  Depressed  inner  table.  Dura  unopened.  Slow 
recovery. 

Admitted  Aug.  22,  1917,  1.30  p.m. — Field  ambulance  diagnosis  :  "  S.W.  vertex. 
Foreign  body  removed  from  scalp.  Bone  punctured  but  not  penetrated."  Remem- 
bers receiving  a  blow  on  his  helmet  ;  found  himself  buried  and  unable  to  move  ; 
dazed  but  not  unconscious  ;  was  dug  out  and  carried  to  aid  station.  In  good 
condition  ;    pulse  90. 

Wound. — A  contused  circular  scalp  wound  in  the  mid-vertex,  exposing  bone. 
No  ic-ray  examination. 

Neurological  Findings. — Considerable  weakness  of  lower  extremities,  particu- 
larly of  right,  where  slight  flexion  of  knee  is  possible,  but  no  movement  of  foot. 
Deep  reflexes  exaggerated  on  right,  with  clonus  and  positive  Babinski. 

Operation,  4.30  p.m.  (circa  10  hours). — Novocain.  Scalp  wound  excised  ;  two 
minute  fragments  of  helmet  lay  adjacent  to  bone.  External  table  intact  ;  trepana- 
tion ;  fragments  of  inner  table  wedged  down  against  the  sinus  ;  fragments  dislodged 
without  bleeding.     Dura  intact ;    not  opened.     Closure  with  extensive  plastic  flap. 

Post-operative  Course. — Aug.  25. — Wound  without  reaction.  Temperature  nor- 
mal. Sutures  removed.  Aug.  28. — Neurological  symptoms  continue  unaltered  ; 
weakness  of  left  foot.     Evacuated. 

Subsequent  Reports. — ^Sept.  4,  No.  10  Gen.  Hosp. — ^No  note.  Evacuated  to 
England.  Jan.  4,  1918  (by  letter). — Discharged  from  service  Dec.  20.  No  neuro- 
logical sjTnptoms;   no  headaches  ;    can  walk  up  to  six  miles  comfortably. 

One  may  not  only  have  doubt  in  regard  to  the  necessity  of  opening  the 
bone  which  may  appear  normal,  but  at  times  even  the  pericranium  may  be 
intact  and  conceal  a  bony  lesion.  Occasionally,  too,  it  is  very  difficult  to  tell 
from  the  external  appearances  alone  whether  or  not  there  is  actually  a 
fungus  cerebri ;  for  a  large  pulsating  blood-clot  sometimes  may  simulate  a 
cerebral  protrusion,  and  the  lesion,  appearing  to  be  a  serious  one,  may  prove 
to  be  nothing  more  than  a  lacerated  scalp  wound. 

The  following  case  not  only  illustrates  these  points,  but  also  the  slow 
restoration  of  function  of  a  contused  area  when  the  dura  has  not  been  incised 
and  the  pulped  tissue  removed. 

Case  8. — Pte.  J.  H.  (Serial  No.  178).  Superficial  clot,  simulating  fungus. 
Fissured  fracture  of  vault.    Trepanation.  '  Elxtradural  clot. 

Admission  Oct.*  9,  1917,  3  p.m. — A  diagnosis  had  been  made  of  "  S.W.  head  and 
fungus  cerebri."  Wounded  by  shell  at  8  a.m.  ;  wearing  helmet.  Temporary  uncon- 
sciousness. Walked  two  or  three  kilometres  to  dressing  station,  the  right  arm  and 
leg  feeling  somewhat  numb. 

General  Condition. — Pale  ;  cold  ;  pulse  120,  poor  quality.  Restless  ;  yawning  ; 
nauseated.  Large  dressing  soaked  with  blood.  Wound  exposed  ;  bleeding,  from 
what  was  taken  to  be  a  large  fungas,  checked  with  hot  irrigation  and  pressure. 
Resuscitation  ward  :  given  morphia  and  saline.  Condition  improved  during 
night.     Pulse  dropped  to  100. 

Neurological  Findings,  Oct.  10,  9  a.m. — Right  arm  and  hand  slightly  weak,  and 
"  feel  numb."  Apparent  loss  of  stereognostic  and  muscle  sense,  though  no  loss  of 
common  sensation.  Deep  reflexes  hyperactive,  without  clonus.  Normal  plantar 
responses. 

Wound. — A  large  lacerated  wound  in  upper  temioro-parietal  region,  filled 
with  an  oozing  and  pulsating  mass.     No  ic-ray  examination. 

Operation  (after  25  hours). — Novocain.  Wound  excised,  and  found  to  be  filled 
with  a  large  protruding  blood-clot  instead  of  a  supposed  fungus.  Pericranium 
intact  ;  this  was  oj)ened  and  reflected,  disclosing  a  fissure  in  the  bone.     Trepanation  : 
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Fig.  470. — ('/>.  s.  Showing  three-legged  in- 
ci.sions  to  close  large  defect.  Photograph  on  second 
day  befce  removal  of  sutures. 


large  extradural  clot  disclosed  .and  evacuated  ;    dura  not  tense.     Closure  of  large 
defect  by  Isle  of  Man  incision  (Fig.  -470).     No  drainage. 

Post-operative   Course.  —  Oct.    12. — Wound   clean;    sutures  removed.     Astereo- 
gnosis  persists  ;    condition  otherwise  excellent.     Oct.  IJ. — Strength  in  arm  largely 
regained,  and  disturbance  in  muscle 
sense  improving.     Evacuated. 

Subsequent  Reports. — Oct.  16, 
No.  22  Gen.  Hosp. — "  Loss  of 
position  of  right  hand,  with  con- 
sequent astereognosis.  Possibly 
slight  hesitation  in  speech.  Abdo- 
minal reflexes  depressed  on  right.'" 
Dec.  29  (by  letter). — Discharged 
from  Lord  Derby  War  Hospital, 
Warrington,  Dec.  27 ;  slight  feeble- 
ness of  grip  in  right  hand.  General 
condition  "  fairly  good."  Jan.  12. 
1918.  —  Weakness  of  hand  and 
probably  some  loss  of  muscle  sense 
persists  ;  also  some  hesitation  in 
speech. 

3.  Cases  Trephined  and  the 
Intact  Dura  Incised. — ^In  this, 
the  most  important  subdivision, 
the  procedure  is  unqtiestionably 
attended  with  certain  risks  of 
infection,  and  these  one  must 
weigh  against  the  risks  of  per- 
manent functional  impairment  if  a  considerable  area  of  local  disorganization 
is  allowed  to  take  care  of  itself. 

There  is  a  widespread  impression  that  under  no  circumstances  should  the 
intact  membrane  be  opened.  This  impression  is  born,  I  am  sure,  of  early 
experiences  in  the  war  when  technique  was  less  perfect.  Unless  the  external 
wound  is  very  septic  no  great  risk  is  rim,  provided  the  membrane  is  immedi- 
ately closed  with  delicate  silk  sutures.  Four  of  the  eleven  cases  will  be  given 
in  illustration. 

Case  9. — Pte.  A.  L.  A.  (Serial  No.  216).  Multiple  scalp  wounds  of  vertex  ;  linear 
fracture.    Trepanation  ;   dura  incised.     Recovery; 

Admitted  to  C.C.S.,  Oct.  27,  1917,  7.15  p.m. — No  history  obtainable,  owing  to 
patient's  condition.  In  resuscitation  ward  during  night.  Transferred  to  writer's 
team  1  p.m.  on  the  following  day. 

Condition. — Stuporous  ;  slight  reaction  to  supra-orbital  pressure.  Body  warm  ; 
pulse  88,  good  quality. 

Wounds. — Multiple  lacerated  wounds  of  the  vertex,  chiefly  to  the  right  of  mid- 
line and  running  in  an  oblique  direction  from  behind  forward,  corresponding  with 
the  man's  injured  helmet  (Figs.  471,  472).  X  rays  show  a  fissured  fracture  of  the 
right  parietal,  with  no  foreign  bodies. 

Neurological  Findings. — Restless  ;  uses  right  side  more  than  left.  Right  pupil 
slightly  dilated.  Deep  reflexes  exaggerated  on  left,  with  clonus  and  dorsal  plantar 
response. 

Operation,  Oct.  28,  3  p.m.  (circa  24  hours). — Novocain.  The  two  larger 
lacerated  gutter  wounds  were  excised,  one  of  them  proving  to  be  merely  a  scalp 
wound,  but  the  anterior  one  overlav  a  short  linear  fracture  through  which  blood  was 
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oozing.     Circular  trepanation,  disclosing   a  tense,  discoloured,  intact  dura.     Dura 
was    incised,    and    about    2    oz.    of    dark    semi-fluid    blood-clot    was    evacuated, 

immediately  lowering  the  ten- 
sion. Arachnoid  everywhere  in- 
tact and  of  good  colour.  Dura 
re-sutured. 

Oct.  29. — Consciousness  re- 
gained ;  responds  fully  to  (jues- 
tions ;  no  recollection  of  the 
occurrence  nor  the  events  subse- 
(luent  to  his  injury.  Oct.  31. — 
Considerable  headache.  I^umbar 
puncture  :  clear  fluid  in  some 
excess.  Nov.  5. — Perfect  wound 
healing.    Temperature  and  pulse 


Fig.  473.— Chart  of  Case  9  ; 
tendency  to  slow  pulse  and  sub- 
normal temperature. 

tend  to  subnormal  {Fig.  473). 
General  condition  good.  Rapid 
return  of  motor  power  in  left 
side.     Evacuated. 

Subsequent  Report. — Jan.  10, 
1918  (by  letter).— Still  at  King 
George  Hospital.  Up  all  day  ; 
no  trouble  with  left  side.  Occa- 
sional headache. 

In  the  next  example,  as 
in  Case  8,  the  pericranium  was 
uninjured  and  eoneealed  a 
fracture.  The  case  possibly 
belongs  in  reality  with  the  group  of  bursting  fractures,  though  the  bone  com- 
minution was  centralized  under  the  scalp  wound.  The  patient  was  in  a 
critical  condition,  but  improved  after  the  evacuation  of  the  disorganized 
area  and  subsequent  lumbar  punctures. 

C(ise  10. — Pte.  C.  S.  (Serial  Xo.  111).  Scalp  wound.  Intact  pericranium. 
Depressed  fracture.      Dura  incised.     Recovery. 

Admission,  Sept.  17,  1917,  6.4.5  p.m. — No  story  obtainable  owing  to  patient's 
stupor.     Field  medical  card  of  same  date  :  "  G.S.VV  skull  ;   compound  fracture." 

Condition. — Semiconscious  ;  vomiting  ;  pulse  56.  Can  be  rou.sed  by  supra- 
orbital pressure,  but  responses  are  vague  and  unintelligible. 


Figs.   471,  472. — Helmet   of    Case    9,  with    linear 
fracture  and  cerebral  contu-sion. 
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Wound. — Ragged  gutter  type,  8  cm.  in  length,  over  right  parietal  region ;  sup- 
posedly penetrating  ;  a  pulsating  mass  taken  to  be  a  hernia  cerebri.  X-ray  repjort : 
"  Fracture  of  right  parietal.     No  indriven  fragments." 

Neurological  Findings. — Paralysis  of  left  arm  and  leg,  with  apparent  loss  of 
sensation.  Possible  weakness  of  left  face,  shown  on  wincing.  Tendency  to  conju- 
gate deviation  of  eyes,  with  marked  rotation  of  head  to  right.  Deep  reflexes  hv'pjer- 
active,  with  suggestion  of  clonus  on  the  left  and  a  positive  Babinski. 

Operation,  11  p.m. — Novocain.  The  ragged  dirty  scalp  wound 'ex»  ised  :  found 
to  be  filled  with  a  clot  without  protruding  brain  :  an  intact  pericranium  disclosed. 
Pericranium  incised,  exposing  a  pond-shaped,  slightly  depressed  fracture  with  many 
radiating  fissures.  Trepanation  :  removal  of  the  area  of  depression.  Dura  intact, 
but  tense  and  bluish.  Membrane  incised  ;  large  amount  of  blood-clot,  cerebro- 
spinal fluid,  and  disorganized  brain  tissue  removed.  Bleeding  vein  on  the  surface 
of  the  arachnoid  secured  with  a  clip.  Dura  closed  ;  dichloramine-T  ;  scalp  wound 
closed  by  plastic  flap. 

Sept.  18. — Still  semiconscious.  Lumbar  puncture  :  20  c.c.  of  bloody,  slightly 
turbid  fluid  :  culture — coliform  bacilli  (Captain  Leitch).  Sept.  19. — Still  uncon- 
scious. Swallowing  badly.  Very  restless,  requiring  morphia.  Second  lumbar 
puncture  :  25  c.c.  of  fairly  clear  fluid  :  culture  sterile.  Sept.  21. — A  series  of  left- 
sided  Jacksonian  fits.  Sept.  25. — Responding  for  first  time  to-day.  Temperature 
normal.  Wound  clean.  I^ft  hemiplegia  still  present.  Sept.  26. — Moving  left  leg 
for  the  first  time.  Sept.  27.— Condition  excellent, 
though  temperature  and  pulse  tend  to  be  sub- 
normal (Fig.  474').  Conscious.  Responds  to 
questions  with  intelligence,  though  no  memory  of 
preceding  events.     Evacuated. 


Fig.  474.— Chart  of  Case  10. 


The  following  story  records  a  practically 
intact  skull  accompanied  by  symptoms  in- 
dicating a  local  contusion.  It  is  quite  likely 
that  this  combination  may  occur  more  fre- 
quently in  the  tem{X)ral  region  than  elsewhere, 
though,  on  the  other  hand,  owing  to  the 
fragility   of  the   squamous    bone,   one   might 

anticipate  finding  a  fracture  more  often  here  than  elsewhere.     All  this  depends 
doubtless  on  the  structure  of  the  bone  in  the  individual  case. 

Case  11. — Pte.  T.  C.  (Serial  No.  69).  Seton  wound  through  temporal  region. 
Focal  symptoms.     Cranium  practically  intact.    Trepanation.    Dura  incised. 

Admission,  Aug.  20,  1917,  7  a.m. — Wounded  4  a.m.  by  shell  fragment  penetrating 
helmet.  Temporary  unconsciousness.  Severe  headache;  dizziness  and  vomiting. 
Primary  numbness  of  right  arm  and  leg,  followed  by  weakness. 

Condition. — Intellect   unimpaired.     Body  warm.     Pulse   68. 

Wound. — Glancing  wound  of  left  temporal  region,  with  entrance  and  exit 
(plaie  en  seton).     X-th\  examination  negative. 

Neurological  Findings. — Weakness  of  entire  right  side,  with  slight  h\-psesthesia 
of  right  face.  Some  slowness  of  speech,  but  no  definite  aphasia  (patient  right- 
handed).     Deep  reflexes  exaggerated  and  equal  ;    no  clonus. 

Operation,  11  p.m.  (19  hours). — Novocain.  Flap  procedure  ;  reflection  of  most 
of  left  temporal  muscle.  Bone  slightly  scored.  Trepanation  of  an  area  3  by  3  cm. 
Intact  dura,  tense  and  bluish.  Membrane  of)ened  ;  disorganized  brain  \rith  many  clots 
evacuated,  completely  relieving  tension.  Dura  sutured.  Flap  replaced  ;  sutured  in 
layers.     A  single  gutta-percha  drain  inserted  through  unexcised  track  of  missile. 

Post-operative  Course. — Excellent  recover\-.  No  headache  ;  sutures  removed 
and  drain  withdrawn  on  second  day.  Rapid  subsidence  of  right-sided  palsy.  Tem- 
perature and  pulse  tend  to  subnormal.     Evacuated. 

Subsequent  Reports. — Sept.  5,  No.  8  Gen.  Hosp. — Slight  weakness  of  right  arm 
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persists,  otherwise  normal.     Evacuated  to  U.K.     Jan.  10,  1918  (by  letter). — In  con- 
valescent depot.     Good  condition,  aside  from  some  headache  and  dizziness  on  stooping. 

There  follows  the  story  of  another  wound  which  might  easily  have  passed 
for  a  simple  sealp  wound,  but  in  view  of  the  neurological  symptoms  indicating 
a  local  contusion,  not  only  was  the  apparently  intact  skull  trephined,  disclos- 
ing a  fracture  of  the  inner  table,  but  an  intact  dura  was  opened,  with  removal 
of  devitalized  cerebral  tissue. 

Case  12. — Pte.  H.  T.  (Serial  No.  91).  Trepanation,  discloslnsr  depressed  fracture 
confined  to  inner  table.  Incision  of  intact  dura.  Cleansing  of  pulped  area.  Closure. 
Rapid  restoration  of  function. 

Admission,  Sei)t.  3,  1917,  5  p.m.- — Wounded  at  mid-day  by  shell  tragment  pene- 
trating helmet.     Knocked  down,  but.  not  unconscious.     Walked  fifty  yards  without 
assistance,  though  left  side  felt  mmib  and  dead.     In  good  general  condition  ;  pulse  70. 
Wonnd. — Small,   apparently   superficial,  right  parietal  region.     X-ray   findings 
negative. 

Neurological  Findings^ — Patient  left-handed  ;  no  apparent  speech  defect. 
Tongue  protrudes  to  left.     Complete  left  hemiparesis   involving  the    arm,   leg,   and 

lower  face.  Arm  chiefly 
affected.  Complete  loss 
of  sense  position  of  left 
hand,  with  astereognosis. 
Deep  reflexes  active  to 
exaggeration  on  left,  but 
without  clonus.  Normal 
plantar  responses. 

Operation,  9  p.m. 
(9  hours). — Novocain.  A 
vertical  incision  as  for  a 
subtemporal  decompres- 
sion, circumscribing  the 
small  scalp  wound.  Skull 
apparently  intact.  Tre- 
panation en  bloc,  3  cm. 
in  diameter,  disclosing 
fracture  with  depression 
of  internal  table,  but  an 
intact  dura. 

The  membrane  showed 
no  discoloration  or  undue 
tension.  It  was  incised, 
and  a  large  contusion  of 
the  central  Rolandic  area 
was  exposed,  with  an  abundance  of  clots,  cerebrospinal  fluid  in  excess,  and  a  severely 
contused  area.  Careful  toilette  of  this  area,  with  removal  by  irrigation  and  suction 
of  clots  and  pulped  brain.  Closure  of  dura  ;  scalp  closed  with  buried  galea  sutures  ; 
no  drainage. 

Post-operative  Course. — Convalescence  uninterrupted.  Highest  temperature  99°. 
Primary  healing  (Fig.  475).  Normal  sense  of  position  of  fingers  and  hand  regained, 
with  ability  to  recognize  objects.  Muscle  power  in  arm  and  leg  practically  restored. 
Slight  weakness  of  face  persists  on  expressional  movement.  By  Sept,  19  condition 
practically  normal.     Evacuated. 

Subserpient  Reports. — Sept.  22,  No.  13  Gen,  Hosp. — No  residual  paralyses.  Con- 
dition excellent.  Transhipped.  Oct.  15,  York  Military  Hosp. — Occasional  head- 
aches, otherwi.se  condition  normal.  Discharged  to  Sunderland  War  Hospital. 
Jan.  1,  1918.— Letter  from  patient's  mother,  who  wishes  to  know  why  a  piece  of  bone 
from  his  shin  has  been  put  in  his  head-;-an  unanswerable  query,     Jan.  20  (by  letter), — 


Flo.  475. — Case  12  on  di.scharge,  .sixteenth  day. 
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Says  his  hemiplegia  has  completely  recovered  except  for  a  slight  weakness  of  left 
thumb.  Bone-graft  operation  regarded  as  a  great  success,  but  headaches  and  dizzi- 
ness on  stooping  remain  unaffected. 

This  patient  doubtless  would  have  recovered  from  the  immediate  effects 
of  his  injury  without  trepanation  or  opening  the  dura,  but  the  rapid  return 
of  function,  particularly  when  compared  with  other  imoperated  cases  exhibiting 
similar  symptoms,  shows  the  desirability  of  removing  the  devitalized  cerebral 
tissue  if  it  can  be  done  with  reasonable  safety,  for  there  doubtless  is  very 
much  less  reparative  reaction  afterwards.  Cases  in  which  the  disorganized 
brain  has  been  left  to  care  for  itself  appear  to  have  had  a  more  tardy  convales- 
cence and  slower  restoration  of  function. 

Type  B:  Local  Fractures  with  Depression  of  External  Table. — 
These  fractures,  a  few  examples  of  which  may  be  given,  offer  problems  which 
in  many  ways  are  easier,  for  there  can  be  no  question  regarding  the  wisdom 
of  trepanation,  whether  neurological  symptoms  are  present  or  wanting. 

The  following  case  is  of  interest  in  view  of  the  minute  size  of  the  foreign 
body — a  fragment  of  helmet — which  seemingly  produced  the  depression  and 
cerebral  contusion.  The  dura  was  not  opened,  owing  to  the  infected  scalp, 
and  there  was  a  temporary  increase  in  the  symptom,s  after  the  operation, 
presumably  due  to  the  pressure  from  oedema  about  the  contused  area. 


Figs.  47G,  477. — Showing  outer  and  inner  tables  of  Case  13  :    dura  intact. 


Case  13. — Rfm.  W.  H.  (Serial  Xo.  122).  Depressed  fracttire  from  minute  frag- 
ment.    Dura  not  incised.    Post-operative  increase  in  iocal  symptoms. 

Admission,  Sept.  21,  1917,  2  a.m.— Wound  received  at  6  a.m.  on  previous  day, 
soon  after  going  over  parapet.  Was  rendered  unconscious  ;  crawled  back  to  a  shell 
hole  ;    bandaged  by  a  companion.     Recovered  by  bearers  at  8  p.m. 

General  Condition.— Conscious  ;  rational  ;  somewhat  dull.  Pulse  80,  good 
quality. 

Wound. — Gutter  type,  5  cm.  in  length  ;  left  parietal  eminence  ;  edges  indurated 
and  infected.  X-ray  report  :  "  Fracture  of  left  parietal  ;  indriven  bone  with  minute 
intracranial  metallic  foreign  bodies." 

Neurological  Findings. — Fundi  oedematous.  Weakness  of  right  arm,  without 
sensory  disturbance.     Deep  reflexes  exaggerated  ;    -^qual. 
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Operation,  Sept.  21,  3  p.m.  (33  hours). — Novocain.  Excision  of  septic  scalp 
wound.  p>x})osure  of  small  depression  of  external  table  ;  minute  fragment  of  helmet 
imbedded.  Trepanation  en  bloc,  disclosing  imexpected  degree  of  comminution  of 
inner  table  (Figs.  4.76,  477).  Dura  intact  ;  bluish,  but  no  great  tension.  Not  opened, 
owing  to  infected  scalp.     Closure  without  drainage. 

Sept.  22.^ — Numbness  and  weakness  of  right  arm  very  much  more  marked  to- 
day.    Considerable   headache.     Sept.   23. — Condition   satisfactory.     Evacuated. 

Subsequent  Reports. — Sept.  30,  No.  2  Stationary  Hosp.^ — Sutures  removed  ; 
perfect  healing.     No  neurological  note.     Evacuated  to  England. 

Another  example  may  be  given  of  the  consequences  of  not  opening  the 
dura  when  local  symptoms  indicate  the  presence  of  a  cerebral  contusion.  As 
is  not  uncommon  imder  these  circumstances,  there  was  a  joost-operative 
increase  of  the  ]3aralysis,  associated  with  Jacksonian  fits. 

Ca<ie  14. — L.-Cpl.  H.  \V.  (Serial  No.  138).  Gutter  w^ound.  Compound  depressed 
fracture.  Local  symptoms.  Dura  not  incised.  Increase  of  symptoms,  w^ith  focal 
epilepsy; 

Admission,  Sept.  26,  1917,  1.45  p.m. — Wounded  10  a.m.  by  rifle  ball  (?).  Wear- 
ing helmet.  Knocked  down,  but  not  unconscious.  Subsequently  severe  headache  ; 
numbness  and  weakness  of  left  side  ;  was  able  to  get  back  to  A.D.S.  with  aid  of 
a  prisoner. 

General  Condition. — Good  ;    body  warm  ;    pulse  98. 

Wound. — Lacerated  gutter  type,  8  cm.  in  length,  extending  from  right  frontal 
eminence  backward  and  toward  mid-line.  X-ray  report  :  "  Depressed  fracture, 
with  linear  fissures  radiating  toward  vertex  and  occiput.  Small  metallic  fragments 
at  site  of  depression." 


Figs.  478,  479, — Showing  outer  and  inner  tables  of  Case  14  :    dura  intact. 


Neurological  Findings. — Optic  discs  oedematous,  with  obliteration  of  cup, 
lamintc,  and  nasal  margin.  Right  pupil  larger  than  left  ;  tendency  to  conjugate 
deviation  of  eyes  to  the  right.  Weakness  of  left  arm,  leg,  and  face,  without  sensory 
loss.     Deep  reflexes  brisk  and  equal. 

Operation,  Sept.  26,  6  p.m.  (8  hours). — Novocain.  Excision  of  scalp  wound, 
di.sclosing  a  depressed  area  (Fig.  478)  from  which  many  linear  fractures  radiate. 
Block  trepanation.  Inner  table  fragmented  and  much  depressed  (Fig.  479).  Dura 
intact.     Extradural  clots  removed.     Partial  closure. 

r^     Sept.  28. — Lumbar  puncture  :    fluid  clear.     General  condition  good,  although 
left  arm  more  helpless  than  before.     Sept.  30. — Repeated  attacks  of  focal  epilepsy. 
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chiefly  in  shoulder-girdle  muscles,  associated  with  turning  of  the  head  and  eyes  to 
the  left.  Paralysis  of  left  arm  complete.  Extensive  subconjunctival  ecchymosis. 
Sutures  removed.  Wound  in  good  condition.  Oct.  3. — Occasional  recurrence  of 
focal  attacks  ;   general  condition  good  ;   paralyses  unaltered.     Evacuated. 

Subsequent  Reports. — Oct.  6,  No.  16  Gen.  Hosp. — Persisting  weakness  of  face 
and  arm.  No  seizures  noted.  Evacuated  to  U.K.  Jan.  2,  1918,  Fair  Lawn  Auxili- 
ary Hospital  (by  letter). — Some  slight  persisting  numbness  in  fingers,  and  occasional 
twitching  in  left  face  ;  otherwise  regards  himself  as  well.  Feb.  2%,  Lond.  Gen. 
Hosp. — Focal  epilepsy  ;    dischF.rged  permanently  unfit. 

There  follows  the  story  of  what  was  supposed  to  be  a  simple  scalp  wound  ; 
indeed,  as  heretofore  stated,  a  wager  to  this  effect  had  been  placed.  A 
depressed  fracture  without  diiral  injury  was  disclosed.  As  there  were  no 
focal  symptoms,  the  membrane  was  not  opened. 

Case  in.  —  Pte.  S.  H.  W.  (Serial  No.  6*').  Extensive  depressed  fracture  of 
occipital  re^on  over  torcular.    No  focal  symptoms.    Dura  intact ;   not  incised. 

Admission  to  C.C.S.,  Aug.  16,  1917,  7.30  p.m. — Wounded  at  11.30  a.m.  by  shell 
fragment  ;  stunned  but  not  unconscious.  Made  his  way  back  on  foot,  reaching 
the  field  ambulance  at  3  p.m. 


Figs.  480,  481. — Showino;  outer  and  inner  tables  of  Case  15  :   dura  intact. 


Condition. — Conscious  ;    rational  ;    warm  ;    pulse   80. 

Wound. — An  inverted  V-shaped  scalp  wound  in  mid-line  over  occiput.  X-ray 
report  :    '"  No  foreign  body  ;    questionable  fracture." 

Xeurological  Findings. — Practically  nil.  No  hemianopsia  or  \isual  disturbance. 
Deep  reflexes  equal  ;    exaggerated  ;    without  clonus. 

Operation,  Aug.  17,  11  a.m.  (24  hours). — Novocain.  On  excising  the  supposed 
scalp  wound,  a  depressed  gutter  fracture  {Fig.  480),  directly  overhing  the  torcular, 
was  exposed.  Trepanation  en  bloc  disclosed  a  widely  depressed  area  of  inner  table, 
with  fragments  indriven  to  a  depth  of  1  cm.  (Fig.  481).  Dura  intact.  Closure 
without  drainage.     Immediate  evacuation. 

Subsequent  Reports. — Sept.  12,  No.  3  Gen.  Hosp. — No  complications.  Primary 
healing.  Evacuated  to  U.K.  Nov.  12,  Military  Hospital,  Richmond. — Boarded  out 
as  P.U.  Occasional  slight  headache.  No  other  sv-mptoms.  Jan.  9,  1918  (by 
letter). — Discharged  from  ser\ice  Nov.  15,  1917.  Feels  perfectly  well.  "  Ad^^sed 
to  wear  a  celluloid  plate  to  protect  head."' 


580 


THE    BEITISH    JOUENAL    OF    SURGEEY 


Another  example  may  be  given  of  the  rapid  disappearance  of  symptoms 
following  incision  of  the  dura  and  evacuation  of  the  luiderlying  softened  and 
contused  area.     The  cranial  wound  was  relatively  insignificant. 

Case  16. — Pte.  J.  F.  (Serial  No.  173).  SmaU  compound  depressed  parietal 
fracture.    Focal  symptoms.    Intact  dura  incised.    Recovery. 

Admitted  Oct.  4,  1917,  11.50  p.m. — Accompanying  diagnosis  :  "  Bullet  woimds 
of  head  and  neck.  Fractured  skull."  Oct.  5,  9  a.m. — In  resuscitation  ward  during 
night.  Ini|^x*rfect  history.  Wounded  some  time  in  the  afternoon.  Wearing  helmet  (?). 
Temporary  imconsciousness  (?).  Present  condition  good,  though  somewhat  confused 
and  drowsy.     Headache. 

Neurological  Findings. — Left  pupil  dilated.  Weakness  and  lowered  sensitivity 
of  entire  right  side,  involving  face  and  leg,  but  most  marked  in  arm,  with  loss  of 
muscle  sense  and  astereognosis.  Memory  and  orientation  defective.  Slight  difhculty 
in  finding  his  words.     Deep  reflexes  sluggish  ;    equal. 

Wounds.— (I)  Of  penetrating  type,  3  cm.  to  left  of  mid-line  over  fronto-parietal 
region  ;  (2)  Multiple  small  penetrating  woxmds,  right  face  and  neck.  X-ray  report  : 
"  Depressed  fracture,  with  indriven  bone  fragments  and  multiple  small  foreign  bodies 
both  in  cranial  wound,  face,  and  neck. 

Operation,  3  p.m.  (circa  23  hours). — Novocain.  Usual  three-legged  incision  ; 
small  depression  found  in  outer  table,  with  fragment  of  helmet  wedged  in  the  bone 
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Figs.  482,  483. — Showing  outer  and  inner  tables  of  Case  10  :    dura  intact. 


(Fig.  482).  Radiating  lines  of  fracture  pass  to  the  side.  Trepanation  en  bloc  : 
widely  depressed  area  of  inner  table  adjoining  deep  groove  of  meningeal  artery  (Fig. 
483).  Dura  intact,  though  somewhat  tense  and  bluish.  Linear  incision  of  membrane, 
with  evacuation  of  about  30  c.c.  of  semi-fluid  clot  and  pulped  brain  ;  expulsion 
aided  by  the  patient's  coughing.  Dura  re-sutured  after  usual  toilette  of  cavity  by 
suction  and  irrigation.     Multiple  woimds  elsewhere  individually  treated. 

Oct.  11. — First  dressing  :  wound  perfect  (Fig.  484)  ;  sutures  removed.  Normal 
power  regained  in  face  and  leg  :  arm  less  awkward.  Oct.  14. — Arm  greatly 
improved  ;  lost  sense  of  position  largely  restored  with  present  capacity  to  recognize 
objects.     Deep  reflexes  remain  very  sluggish.     Evacuated. 

Subsequent  Reports. — Oct.  16,  No.  18  Gen.  Hosp. — "  Excellent  condition.  Slight 
weakness  of  right  hand.  ICvacuated."  .Jan.  9,  1918,  4th  London  Gen.  Hosp. — 
Normal  condition,  except  for  trace  of  weakness  in  hand. 

The  Fatal  Cases. — There  were  5  in  the  series  of  54  :  a  mortality  of  9-2 
per  cent.  Two  fatalities  occurring  early  in  the  series — one  due  to  failure  to 
open  the  dura,  the  other  to  the  fact  that  it  was  opened  but  not  immediately 
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closed — were  avoidable,  had  better  judgement  been  exercised.  A  third  case 
was  practically  moribinid  when  operated  upon.  The  fourth  and  fifth  died 
of  concomitant  lesions. 

The  first  fatality  in  this  group 
occurred  six  weeks  after  the  in- 
jury, subsequent  to  an  operation 
in  England  for  a  cerebral  abscess 
that  had  formed  below  the  intact 
dura  which  had  not  been  incised. 

Case  17.— Sgt.  R.  D.  K.  (Serial 
No.  11). 

July  31,  1917.— Multiple  wounds 
of  head  and  face,  including  depress- 
ed fracture  of  right  parietal  region. 
Left  hemiparesis,  chiefly  of  arm. 
Removal  piecemeal  of  depressed 
bone-fragments ;  dura  intact ;  not 
incised.     Evacuated  Aug.  6. 

Subsequent  Reports.  —  Aug.  14, 
No.  83  Gen.  Hosp. — Condition  good ; 
wound  healed  ;  some  headache  ;  evac- 
uated U.K.  Oct.  11,  King  George 
Hosp. — Death  from  meningitis  fol- 
lowing operation  for  abscess  in  right 
hemispliere. 

The    second    fatality    was 
clearly  attributable  to  the  surgical 
opening   of   the    dura — ^or   more 
properly  to   the  failure  to  close  the    incision, 
of  the  external  woimd  spread  to  the  meninges. 


Fit,.    4S-1. Cuie     lb.        I'^XrtlllJjlc   oi     iiip' 


A   staphylococcal    infection 


I      X'5     U     S,6     7     g     9     to    II     II    IS    !<♦    15    16    17    |g     {<}  XO  Z.I    22  23  24125  26  27  29 


Fig.  485. — Chart  of  Case  18,  showing  onset  of  complication  on  thirteenth  day. 


Case  18.— Pte.  J.  L.  (Serial  No.  59). 

Aug.  17,  1917. — .\dmitted  unconscious  ;  pulse  52.  A  transverse  gutter  wound 
of  occiput.  Novocain  operation  :  linear  fracture  without  depression  ;  tense  plum- 
coloured  dura  ;  membrane  incised  ;  toilette  of  greatly  pulped  left  occipital  lobe. 
Dura  not  sutured.     Closure  of  scalp  wound  by  plastic  flap. 
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Aug.  20. — Consciousness  regained.  Right  liomonymous  hemianopsia  disclosed. 
Slight  necrosis  of  edges  of  flap  from  imperfect  eirciihition.  Aug.  27. — Flap  protrud- 
ing. Aug.  31.- — Cerebrospinal  leak,  with  rise  in  temperature  (cf.  chart,  Fig.  48.5). 
Urotropin.  Sept  2. — Lumbar  puncture  :  Staphylococcus  aureus.  Sept.  7. — Lumbar 
puncture:  a  coccus  in  diplococcal  form.  Sept.  11th. — Cerebrospinal  leak  continues, 
but  symptoms  of  meningitis  are  less  marked.  I^umbar  puncture  :  clear  yellowish 
fluid,  sterile.     Temperature  normal.     Sept   13. — Sudden  rise  in  temperature.     Death. 

Autopsy. — Cerebrospinal  spaces  filled  with  plaques  of  purulent  exudate. 

The  third  fatality  occurred  a  few  hours  after  a  futile  attempt  to  save 
a  desperate  case  by  decompression. 

Case  19.— Pte.  McD.  (Serial  No.  185). 

Sept.  25,  1917. — Unconscious  ;  stertorous  breathing  and  rapid  pulse.  Gutter 
woimd  of  vertex,  with  rigidities.  Choked  disc  2  D.  Right  subtemporal  decompres- 
sion ;    no  anaesthetic.     Death  in  two  hours  ;    temperature  105\ 

Autopsy. — Gutter  wound  of  scalp  ;  external  table  intact  ;  inner  depressed  ; 
dura  intact ;    brain  widely  contused  and  oedematous. 

The  fourth  fatality  was  attributable  to  multiple  wounds  and  severe  gas 
poisoning,  as  follows  :— 

Case  20.— Pte.  A.  B.  (Serial  No.  157). 

Sept.  19,  1917. — Lying-out  case  ;  severely  wounded  and  gassed  two  days  ago. 
Condition  critical  ;  pulse  123  ;  temperature  102°  ;  vomiting.  Severe  wounds  of 
arm  and  shoulder  ;  three  gutter  wounds  of  scalp.  Resuscitation  ward  for  six  hourj  ; 
bicarbonate. 

Operation. — -Amputation  of  arm  ;  temporary  repair  of  scalp  wounds,  without 
closure.     Death  in   24.  hours,   pulmonary  complication. 

Autopsy. — Purulent  bronchitis  ;  bronchopneumonia  ;  depressed  fracture  of 
skull  in  occipital  region  ;    dura  intact  ;    contusion  of  occipital  lobe. 

The  fifth  fatality  was  due  to  a  gas-bacillus  infection  of  buttocks  and  thigh. 


Fios.  480,  487. — Showing  small  depression  (fatal)  of  Case  21  :    dura  intact. 


Case  21. — Gnr.  A.  J.  (Serial  No.  195). 

Oct.  19,  1917. — Perforating  wound  of  upper  thigh  ;  large  gutter  wound  of  left 
occiput,  appearance  simulating  fungus  cerebri  :    right  homonymous  hemianopsia. 

Operation  {circa  36  hours). — Novocain.  Trepanation  en  bloc  ;  minute  depressed 
fracture  (Figs.  -186,  487)  ;  dura  tense,  plum-coloured  ;  incised  ;  extrusion  of  much 
clot  and  puli^ed  brain  ;  closure  of  dura  ;  dichloramine-T  ;  closure  of  scalp  by  flap. 
Repair  of  infected  gassy  wound  of  upper  thigh  ;  recovery  of  large  50-grm.  shell- 
fragment  ;  free  excision  of  damaged  muscles  ;  drainage.  Rapidly  spreading  gas 
infection  of  thigh  and  buttock,  with  death  on  following  day. 

Autopsy. — Extensive  gas  infection  of  upper  thigh  and  buttock  ;  brain  without 
evidence  of  infection. 
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Group   ///.— WOU^fDS     WITH      LOCAL      DEPRESSED      FRACTURES,      LACERATION 
OF     THE     DURA,     AND     CEREBRAL     CONTUSION. 

These  are  favourable  cases,  in  spite  of  the  fact  that  the  meninges  have 
been  torn  or  punctured  by  a  projecting  spicule  of  bone.  Hence  they  may  be 
considered  in  a  group  by  themselves,  for  even  though  the  scalp  wound  may 
be  grossly  contaminated,  there  is  no  immediate  risk  of  intracranial  infection 
establishing  itself,  since  the  more  or  less  intact  mosaic  of  bone  fragment^ 
remains  interposed  between  the  external  wound  and  the  brain,  and  extrusion 
of  brain  substance  is  imcommon. 

Usually  both  tables  are  depressed,  though  this  is  not  invariable,  for,  as 
in  the  jjreceding  group,  the  bone  may  merely  be  fissured  or  scored,  or  indeed 
be  intact.  It  is  not  improbable  that  many  fractures  of  this  type  remain 
luiverified,  particularly  when  the  lesion  overlies  the  mid-vertex  and  is  accom- 
panied by  the  so-called  longitudinal-sinus  syndrome,  in  the  presence  of  which 
Sargent  and  Holmes  have  advised  against  trepanation. 

The  series  contains  18  examples  of  certified  fracture  of  this  type,  with 
2  fatalities,  one  of  them  from  intercurrent  causes.  One  may  conclude,  there- 
fore, that  the  prognosis  is  almost  as  good  as  in  the  cases  of  depressed  fracture 


Figs.   488,   489. — Case  22.     Mid-occipital  fracture  :    mosaic  of  depressed  fragments  intact. 

without  punctured  dura,  provided  there  are  no  serious  complicating  injuries. 
For  this  reason  these  cases  have  been  separated  from  those  with  dural  penetra- 
tion of  other  forms  in  which  the  prognosis  is  grave. 

Anatomically,  the  wounds  were  distributed  as  follows  :  parietal  (including 
vertex)  8,  occipital  4,  frontal  4,  temporal  2.  The  associated  scalp  wounds 
were  of  the  following  types  :  gutter  10,  seton  1,  penetrating  7  ;  five  of  the 
cases  had  seriously  complicating  wounds  elsewhere.  The  missiles,  so  far  as 
recorded,  were  :  shell  fragment  13  (9  certified,  4  presumable),  rifle  balH2, 
shrapnel  1,  bomb  1,  secondary-  missile  1  ;  in  depressed  fractures  of  this  kind 
it  is  not  uncommon  to  find  the  missile  lodged  in  the  seat  of  fracture.  The 
helmet  was  recorded  as  worn  in  12,  not  worn  in  3,  uncertain  3  ;  it  was  known 
to  have  been  penetrated  in  5,  presiunably  penetrated  in  4,  and  in  2  the  missile 
passed  below  it. 

Occipital  Wounds. — The  following  is  a  good  example  of  the  Group  III 
type  of  injuria'.  It  is  the  only  one  of  the  occipital  cases  in  which  there  was  no 
gross  disturbance  of  central  vision. 

VOL.  v. — NO.  20.  40 
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Case  22. — Seaman  E.  Iv.  (Serial  No.  202).  Mid-occipital  depressed  fracture  ; 
double  slight  laceration  of  dura ;    cerebral  contusion  slight.     Recovery. 

Admitted,  Oet.  22,  1917,  3  p.m. — History  of  receivinjr  an  H.E.  shell-woiuul    at 
11   a.m.,   while   in  the  line.     Was  wearinjj   helmet.      Knocked  down,  but  not   un- 
conscious.    Made    his   way   back    un- 
aided,  tliough   having    headache    and 
occasional   vomiting. 

General  Condition.  — No  shock; 
fully  conscious  ;    pulse  84,  regular. 

Wound. — Lacerated,  of  j)enetrat- 
ing  type,  over  the  mid-occiput.  X-ray 
report  :  A  depressed  fracture  ;  no 
metal . 

Neurological  Findings. — Nil  :  no 
apparent  constriction  of  visual  fields. 
Operation,  5  p.m.  (6  hours). — 
Novocain.  Tripod  incisions  encircling 
wound  ;  depressed  fracture  of  the 
outer  table  (Fig.  488),  lying  directly 
over  the  mid-line.  Preparations  made 
for  muscle  graft,  as  haemorrhage  from 
sinus  was  anticipated.  Trepanation 
en  bloc ;  mosaic  of  depressed  inner 
table  intact  (Fig.  489)  ;  marked  de- 
pression of  the  underlying  dura,  with 
a  small  laceration  on  each  side  of  the 
sinus,  the  main  channel  itself  un- 
injured ;  graft  unnecessary.  Closure 
of  wound  in  layers. 

Oct.  28. — Convalescence  uninter- 
rupted. Woimd  Avithout  reaction 
(Fig.  490).  Patient  up  ;  no  symptoms. 
Evacuated. 

Subsequent  Reports. — Dec.  12  (by 
letter). — At  No.  7  Canadian  General 
Hospital  two  days ;  evacuated  to  Seaforth  Military  Hospital  in  Leith — eleven  days. 
Transferred  to  an  Auxiliary  Red  Cross  Hospital  for  three  weeks,  and  after  ten 
days  at  home  returned  to  his  base  :  Class  B2.  Some  tendency  to  headaches  and 
dizziness.     Feb.  17,  1918  (by  letter). — In  good  health  ;   on  service  in  Italy. 

In  the  three  other  occipital  cases  in  the  group  the  usual  neurological 
evidences  of  an  injury  in  this  region  were  present.  One  of  them  had  a  com- 
plete central  blindness,  and  the  other  two  a  sharply-cut  hemianopsia. 

The  example  of  complete  blindness  occurred  in  an  officer  (Serial  No.  104) 
with  a  shell  wound  which  penetrated  his  helmet.  There  was  immediate 
complete  loss  of  vision.  He  was  operated  on  after  about  ten  hours,  and  under 
an  intact  pericranium  a  stellate  depressed  fracture  over  the  lambda  was 
found,  with  a  tear  in  the  d>ira.  There  was  no  very  evident  contusion  of  the 
occipital  lobes.  Light  perception  began  to  be  regained  after  forty-eight  hours, 
after  which  it  continued  to  clear  very  rapidly  to  normal. 

The  other  two  cases  showed  hemianopsia  ;  both  had  lesions  over  the 
lateral  sinus.  In  one  of  them  the  cerebellum  was  damaged  as  well  as  the 
occipital  lobe.     The  case  follows  : — 


Fig.   4S0. — Case  22.     Showing  wound  with  tripod 
incision  on  evacuation  ;    .sixth  day. 
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Case  23. — Pte.  W.  A.  G.  (Serial  No.  93).  Gutter  ftracture  of  right  occiput ; 
laceration  of  occipital  dura  and  lateral  sinus.  Cerebellum  contused  under  intact 
dura ;  incised.     Recovery. 

Admission,  Sept.  3,  1917,  7.25  p.m. — Wounded  at  10  a.m.  Was  wearing  helmet, 
and  states  that  the  projectile  (shell  fragment)  went  below  it. 

General  Condition. — Good,  though  somewhat  dull  and  vague  mentally. 

Wound. — Vertical,  of  deep  gutter  type  {Fig.  491),  behind  right  mastoid.  Some 
bleeding  from  external  ear.     X-ray  report  :    Depressed  fracture  with  indriven  bone. 

yeurological  Findings. — Sharply-cut  left  homonymous  hemianopsia.  Deep 
reflexes  brisk  to  exaggeration.  No  cerebellar  symptoms  detected  beyond  slight 
nystagmus. 

Operation,  Sept.  4,  10  a.m.  (24  hours). — Novocain  ;  cerebellar  table.  Excision 
of  scalp  wound  ;  reflection  of  sub-occipital  flap,  showing  an  occipito-petrosal  com- 
minution, with  indriven  fragments.  Piecemeal  removal  of  the  fragments  disclosed 
a  penetration  of 
the  dura  over  the 
occipital  lobe,  with 
a  marginal  tear  of 
the  lateral  sinus, 
which  was  secured 
by  a  silver  clip. 
The  sigmoid  sinus 
was  also  injured  by 
a  large  loose  frag- 
ment, which  was 
not  dislodged,  as 
efforts  to  do  so 
caused  a  sharp 
venous  hsemor- 
rhage.  One  large 
detached  fragment 
apparently  opened 
into  the  middle  ear. 
Through  the  dural 
opening  a  large 
amount  of  disor- 
ganized brain  with 
blood-clots  was 
cleaned  out  by  the 

usual  method.  Dura  over  cerebellum  very  tense  and  bluish ;  membrane  incised, 
with  evacuation  of  a  large  blood-clot  and  bloody  cerebrospinal  fluid;  incision 
closed.     Scalp  wound  closed  with  single  gutta-p)ercha  drain. 

Sept.  19. — Perfect  wound  healing  ;  normal  temperature.  Convalescence  com- 
plicated by  a  small  carbuncle  on  the  neck  :  excised.  Sept.  21. — Condition  excellent. 
Some  apparent  return  of  vision  in  the  left  visual  fields.     Evacuated. 

Subsequent  Reports. — Dec.  22,  King  George  Hospital  (by  letter). — Occasional 
headaches  ;  deaf  in  right  ear.  Slight  remaining  contraction  of  field  of  vision.  No 
other  neurological  s>Tnptoms.  Jan.  20,  1918. — A  Series  of  boils  have  detained  him 
in  hospital.     Discharged  unfit,  owing  to  contracted  vision. 

Feb.  16. — At  work  :  well,  except  for  some  headaches  and  persisting  deafness  of 
right  ear. 


Fig.  491. — Case  23.     Gutter  woiuid  of  occipito-mastoid  region  with 
occipital  and  cerebellar  contu-sions. 


Frontal  Wounds. — Taking  the  series  as  a  whole,  it  is  our  impression 
that  the  occipital  cases  are  apt  to  do  less  well  after  operation  than  frontal 
ones.  The  frontal  wounds  are  more  accessible,  surgically  speaking,  and 
despite  the  mental  disturbance  which  may  accompany  them,  and  the  tendency 
of  the  patients  to  disarrange  their  dressings,  they  have  usually  done  well. 
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The  follow! n<>;  case  is  an  example  of  a  depressed  frontal  fracture,  with 
intact  mosaic  of  fragments  except  for  the  dislodgement  of  a  small  central 
piece  which  had  penetrated  the  dura. 


Figs.   492,   493. — Operative  block  of  Case  24,  showing  depression  with  intact  mosaic 
except  for  one  central  detached  fragment  which  wa.s  driven  through  dura. 


Case    24. — Sgt.    W.    T.    (Serial    No.    175).     Frontal  gutter    wound;     depressed 
fracture;   mosaic  incomplete  ;   dura  penetrated.     Recovery. 

Admission,  Oct.  9,  1917,  11  a.m. — Wounded  by  a  shell  while  in  the  reserve  line, 
at  7  a.m.     Missile  passed   below  helmet.     Knocked  down;   stunned;   consciousness 

not  lost.  Walked  back 
to  dressing  station  ; 
severe  headache; 
vomited  once. 

""-  General  Condition. 
—Good.  Pulse  78. 
Fully  conscious  and 
oriented. 

Wound. — Of  gut- 
ter tyj>e  ;  left  frontal. 
A'-ray  report  :  "  De- 
I^ressed  fracture  with 
slightly  indriven  bone. 
No  foreign  body," 

Neurological  Find- 
ings.— Negative.  Deep 
reflexes  brisk  to  exag- 
geration. 

Operation,  3  p.m. 
(8  hours). — -Novocain. 
Tripod  incisions  encir- 
cling gutter  scalp 
wound.  Trepanation 
en  bloc  (Figs.  492, 493) ; 
mosaic  of  depressed 
inner  table  shows  small  central  fragment  missing.  Small  tear  in  dura,  through 
which  missing  fragment  with  clots  and  disorganized  brain  was  expressed  by  cough- 
ing. Usual  toilette  of  cavity  by  suction  and  irrigation.  Closure  of  tear  in  dura 
with  single  suture.     Closure  of  scalp  as  usual  in  two  layers.     No  drain. 

Oct.  19.— Uninterrupted  convalescence.     Superficial  sutures  removed  on  second 
day  ;  incisions  practically  invisible  (Fig.  494).    No  neurological  symptoms.  Evacuated. 


ViG.   494. 


Case  24.     Showing  wound  on  twilli  duy  :  tripod 
incisions  nearly  invisible. 
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Subsequent  Reports. — Oct.  20,  No.  11  General  Hospital. — Condition  normal. 
Evacuated  to  England.  Dec.  12,  Princess  Christian  Hospital. — Quite  normal  :  fit 
for  emplo\-ment.  Feb.  14,  1918  (by  letter). — Has  received  discharge  :  feels  perfectly 
well,  but  thinks  his  memory  is  slightly  impaired. 


Figs.  495,  496,  497. — Three  views  of  trepanation  block  from  Caae  25. 


The  disposition  of  the  bone  fragments  in  these  cases  of  local  depression 
naturally  varies  greatly.  A  fragment  may  be  completely  dislodged  as  in  the 
foregoing,  or  a  sharp 
spicule  may  penetrate  the 
dura.  If  it  should  have 
punctured  one  of  the 
venous  sinuses,  and  the 
common  method  of  re- 
moval, piece  by  piece,  is 
practised,  on  withdrawal 
of  the  penetrating  frag- 
ment a  sharp  hjcmorrhage 
may  occur,  which  is  diffi- 
cult to  control  owing  to 
the  inaccessibility  of  the 
bleeding  point.  This  is 
one  reason  for  strongly 
advocating  the  method 
of  block  trepanation,  for 
under  these  circumstances 
full  exposure  of  the  field 
is  immediately  secured  on 
tilting   up   the   block,  and    free  access  is  given  to   the   iK)int    of   laceration. 

Case  25. — Sgt.  A.  R.  (Serial  No.  80).  Frontal  gutter  wound ;  depressed  fl-a^rment 
puncturing  brain.    Recovery. 

Admission,  Aug.  27,  1917,  9.30  p.m. — Injured  at  2.30  p.m.  in  front-line  attack. 
Helmet  pierced  by  projectile.  Temporary  loss  of  consciousness  ;  walked  back  to 
his  regimental  aid  post.  Severe  headache.  No  vomiting.  Good  general  condi- 
tion ;    fully  conscious  ;    pulse  86. 


Fig.  498.— Co«e  2o. 


;>howing  wound  on  tirst  dressing  with 
distant  drain. 
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Wound. — A  5-cni.  gutter  wound,  crossing  mid-frontal  region  above  supra- 
orbital ridge.     X-ray  report  :    "  Depressed  fracture  with  indriven  fragments." 

Xeurohgical  Findings. — Negative  ;    no  loss  of  memory  ;    no  disorientation. 

Operation,  Aug.  28,  10  a.m.  (20  hours). — Novocain.  Excision  of  gutter  wound, 
disclosing  a  small  depression  of  external  table,  with  radiating  lines  of  fracture  (Fig. 
495).  Trepanation  en  bloc,  disclosing  a  depressed  fracture  of  inner  table,  with  com- 
plete mosaic,  though  one  tilted  fragiiient  had  penetrated  dura  and  brain  (Figs.  196, 
497).  Clots  and  disorganized  brain  were  cleared  away  by  the  usual  technique. 
Closure  of  wound,  with  single  gutta-i)ercha  drain,  led  in  from  above. 

Sept.  2  (Fig.  498). — Sutures  and  drain  removed.  Temperature  still  slightly 
elevated,  but  wound  appears  intact.  No  symptoms.  Sept.  9. — Temperature 
normal  ;   good  condition.     Evacuated. 

Subsequent  Tteports. — Oct.  24,  Bradford  War  Hospital. — Occasional  headache  ; 
dizziness  on  stooping.  Invalided.  Feb.  17,  1918  (by  letter). — In  good  health  ;  at 
work. 


^"-s. 


In  contrast  to  the  foregoing,  an  example  may  be  given  of  a  local  fracture 
possessing  quite  different  characteristics  owing  to  the  thicker  and  less  brittle 

skull.  From  the  outward  appear- 
ance of  the  bone  a  much  more 
serious  condition  was  anticipated 
than  was  actually  found,  other- 
wise so  large  a  block  would  not 
have  been  removed.  The  speci- 
men shows  well  the  not  uncommon 
ontward  dislodgcment  of  plates 
from  the  external  table  as  well 
as  indriven  inner  table — a  form 
of  cranial  injury  characterizing 
gutter  wounds  of  certain  types  of 
skull  with  a  heavy  vault. 

Case  26.— Pte.  A.  T.  (Serial  No. 
89).  F'rontal  gutter  -wound,  w^ith 
elevation  of  external  and  depression 
of  internal  tables.  Dura  punctured. 
Cerebral  contusion.     Recovery. 

Admission,   Aug.   ai,    1917,  9.30 
p.m. — In   a   dugout   at  4  p.m.,  with- 
out   helmet ;    wounded    by   shell  ex- 
])losion.     Rendered  unconscious; 
roused  later,  and  got  back  unaided. 
Resuscitation     ward     during     night  ; 
wound  Carrelized.     Sept.  1,  9  a.m. — 
Excited  ;    irritable  ;     talking   loudly. 
Pulse  80,  good  quality.     Some  mental 
confusion  and  disorientation. 
Wound. — Gutter  type,  5  cm.  in  length,  slightly  to  left  of  mid-line  at  frontal 
eminence   (Fig.  499).     X-ray  report  :    Shows  questionable   fracture.     Complicating 
wound  of  right  forearm. 

Seurologieal  Findings. — Fundi  show  oedema,  with  blurring  of  nasal  margins. 
Mental  excitement,  otherwise  no  symptoms  of  note. 

Operation,  10  a.m.  (18  hours). — Novocain.  Tripod  incisions  circumscribing 
scalp  wound  ;  flaps  reflected,  disclosing  a  gutter  in  a  very  thick  skull,  with  lateral 
elevation  of  many  fragments  of  external  table  and  radiating  Assures  (Fig.  500). 


Fio.  499. 


-Case  20.     Showing  wound  before 
operation. 


STUDY    OF    BRAIX    AVOUNDS 


589 


\yide  trepanation  en  bloc  :    an  intact  mosaic  of  depressed  inner  table  ;    no  great 
dislodgement  of  fragments  (Fig.  501)  ;    a  laceration  in  the  dura,  alongside  the  sinus. 


Figs.    50(»,    501. — C'twe    2G.     Trepanation    block   showing   behaviour   of   thick   skull    to 

tan^ntial  woiuid. 

with  a  large  subdural  clot  and  an  area  of  pulped  brain.     Through  the  dural  opening 
the  disintegrated  and  softened  brain  was  removed  bv  suction  and  irrigation.     Dural 
wound    sutured. 
Scalp     sutured     in 
two  layers ;  gutta- 
Iiercha  tissue  drain. 

Post  -  operative 
Results. — Sept.  3. — 
First  dressing  (Fig. 
502)  :  sutures  and 
drain  removed  : 
slight  discharge  of 
pus  (staphylococ- 
cus) from  site  of 
drain.  Carrel-Dakin 
treatment  for  next 
five  davs.  Sept. 
20.— Woimd  healed 
(Fig.  503).  No 
neurological  sym- 
ptoms. Condition 
excellent.  Evacu- 
ated. 

Subsequent  Re- 
ports.— Nov.     30, 
King   George    Hos- 
pital.—Xo  symptoms  except  some  limitation  of  fields  of  \ision  (?)  to  right.     Dec. 
13,    Gifford    House     Auxiliary    Hospital    (by    letter),  —  Some   headaches,  otherwise 


Oil  rii-<t  dres-sing. 
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well  ;    discharged  unfit  for  service, 
at  work. 


Fig.  503. — Case  26.     On  discharge. 


Feb.  1.5,  1918  (by  letter). — In  best  of  health; 


Temporal 
Wounds. — The 
t  w  o  temporal 
cast's  ill  this  oronp 
iiad  no  s })  e  c  i  a  1 
points  of  interest, 
except  that  in 
one  of  them  a 
ri\'et  from  the 
hehnet  acted  as  a 
secondary  missile. 

P  a  r  i  e  t  a  I 
I  Founds. — Includ- 
ing  wounds  of  the 
mid-vertex,  there 
were  eight  parie- 
tal cases.  Three 
of     the     patients 


had   post-operative   Jacksonian   attacks,   a   matter  to   which  we   will   subse- 
quently return.     The  history  of  one  of  them  follows  : — 


Case  27. — Pte.  J.  II.  T.  (Serial  No.  163).  Depressed  fracture,  with  dislodged 
fragnnent  of  Inner  table.    Cerebral  contusion.     Post-operative  convulsions.    Recovery. 

Admitted,  Oct.  3,  1917,  2.30  a.m. — Wounded  by  a  bomb  fragment  three  hours 
previously.     Numbness  and  weakness  of  his  left  arm  noticed  immediately. 

Wound. — Small,  penetrating  type,  4  cm.  to  right  of  median  line  in  plane  vertical 
to  auditory  meatus.     X-ray  report  :    "  Depressed  fracture  with  indriven  bone." 

Neurological  Findings. — Marked  weakness  with  some  loss  of  common  sensa- 
tion in  the  left  hand  ;  normal  sense  of  position.  Slight  weakness  of  left  leg.  Deep 
reflexes  exaggerated  on  the  left  ;   no  clonus  ;   normal  plantar  responses. 

Operation,  11  a.m.  (12  hours). — Novocain.  Tripod  incision.  Area  of  small 
depressed  fracture  encircled  and  ele- 
vated, showing  depression  of  inner 
table,  with  one  fragment  of  mosaic 
missing  (Figs.  504,  505).  A  tear  in 
the  dura  disclosed  the  two  large 
veins  (vena  anastomotica  magna), 
one  of  which  had  been  cut  across 
by  the  dislodged  fragment  near  its 
point  of  entrance  into  the  lateral 
expansion  of  the  sinus.  Vein  bled 
profusely  on  elevating  the  bone  disc  ; 
it  was  secured  immediately  with  a 
clip.  Parietal  lobe  considerably 
pulped  ;  usual  toilette,  with  irriga- 
tion and  suction.  The  missing  bone 
fragment  was  detected  by  the  cath- 
eter at  a  depth  of  2  cm.,  and 
removed.  Tear  in  the  dura  sutured  • 
without  freshening  its  edges  ;  dichloramine-T  spray 
drainage. 


Figs.  504,  505. — Case  27.     Bone  disc  witli  fragment 
missing  from  inner  mosaic. 


closure    of   scalp    without 
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Post-operative  Results. — Oct.  6. — Wound  without  reaction  (Fig.  506)  ;  sutures 
removed.  For  the  past  three  days  many  and  persistent  Jacksonian  attacks  in  the 
left  arm  and  hand,  where  there  is  now  complete  loss  of  power  and  muscle  sense. 
Weakness  also  of  face  and  leg.  Definite  sensory  impairment  also  over  left  arm  and  leg. 
Oct.  9. — General  condition  excellent, 
though  arm  remains  paralyzed,  and 
left  leg  weak.     Evacuated. 

Subsequen  t  Reports .  —  Oct .  15, 
No.  20  General  Hospital. — Evacu- 
ated to  England.  Dec.  10,  King 
George  Hospital. — Xo  motor  or  sen- 
sory disturbance  present.  No  head- 
aches. Discharged,  unfit  for  service. 
Jan.  2,  1918  (by  letter).— Now  back 
at  work  ;  feels  no  ill  effects  from  his 
injury. 

It  is  quite  probable,  in  ex- 
planation of  the  post-operative 
increase  in  the  paralyses  in  this 
ease,  that  some  bleeding  occurred, 
with  refilling  of  the  cavity.  Such 
an  accident,  however,  is  rare,  even 
in  these  parasinoidal  cases,  par- 
ticularly when  they  have  been 
operated  upon  under  a  local  ana:'s- 
thetic.  When  they  have  been 
given  inhalation  narcosis,  vomit- 
ing may  so  increase  venous  tension 
as    to    start   up   bleeding   which   appeared    to   have    been    checked. 

In  one  other  patient  (Serial  Xo.  75)  with  a  lesion  quite  similar  to  the 
foregoing,  Jacksonian  attacks  also  occurred.     The  case  fiu-nishes  an  interesting 

example  of  a  direct  hit  on  a  helmet  [Fig. 
507)  where  the  skull  escaped  with  a 
slightly  depressed  inner  table  {Figs.  508, 
509),  a  lacerated  dura,  and  considerable 
pulping  of  the  parietal  lobe.  The  wound 
was  closed  as  usual  without  drainage,  and 
the  patient  did  well,  but  for  three  or  four 
days  after  the  operation  there  was  an 
almost  continuous  twitching  and  spasm  of 
the  left  arm.  Whenever  any  voluntary 
effort  was  made  to  move  the  hand,  a 
typical  Jacksonian  attack  would  originate 
in  the  thumb  and  extend  up  the  arm  to 
the  shoulder.  The  attacks  subsided,  and 
there  was  no  recurrence ;  this  fortunately 
is  the  usual  history  of  these  early  post- 
traumatic examples  of  focal  epilepsy. 
The  wound  in  two  of  the  parietal  cases  lay  directly  over  the  longi- 
tudinal sinus   in  the  mid-vertex  ;  one  of  them  (Serial   No.  58)  was  without 

VOL.    v.  —  NO.   20.  'tl 


Fig.  500. — Case  '11.     Tripod  incisions  on  third  day. 


Fi'..  5ii7. — Serial  Xo.  75.  Penetrat. 
ing  injurj-  of  helmet  (natural  size).  Cf. 
Figs.  508,  509. 


592 


THE    BRITISH    JOURNAL    OF    SURGERY 


symptoms — no  demonstrable  spasticity— though  the  dura  was  lacerated  and 
the  hemisphere  contused.  Momentary  active  hemorrhage  from  the  sinus 
followed  elevation  of  the  bone  disc,  but  the  bleeding  was  easily  checked 
by  a  muscle  graft,  and  a  good  recovery  followed. 


^K-t 


Figs.   508,  509. — Serial   Xo.    75.     Slightly  depressed  fracture   (cf.   helmet,   Fig.   507). 


The  following  case  showed  symptoms  more  characteristic  of  a  lesion  in 
this  neighbourhood.  The  operation — one  early  in  the  series,  and  under  a 
general  anasthetic — was  imperfectly  carried  out,  and  a  late  abscess  developed. 

Case  28.— Pte.  T.  B.  (Serial 
Xo.  25).  Seton  -wround  of  ver- 
tex. Hemiparesis,  •with  focal 
epilepsy.  Imperfect  operation. 
Late  abscess.     Recovery. 

Admission,  Aug.  2,  1917, 
11  a.m. — Wounded  at  8  a.m.  on 
the  previous  day  by  a  sniper, 
the  ball  perforating  his  helmet 
{Fig.  510).  No  loss  of  con- 
sciousness, nor  headache,  but 
his  left  hand  and  foot  immedi- 
ately felt  numb  and  weak. 
About  twelve  hours  later  he 
f)egan  to  have  Jaek.sonian  seiz- 
ures in  his  left  side,  originating 
in  the  leg  and  lasting  four  or 
five  minutes,  without  loss  of 
consciousness. 

General  Condition .  —  Con- 
scious ;    rational  ;    pulse  88. 

Wound. — Of  entrance  and 
exit,  5  cm.  apart,  in  the  mid- 
vertex,  the  exit  wound  being 
slightly  to  the  right  of  the  mid- 
line. X-ray  report:  "Depressed  fracture  of  mid-vertex,  with  radiating  fissure  in 
.skull  running  posteriorly.     Superficial  foreign  lx)dy." 

\eurological  Findings. — Left  hemiplegia,  with  extreme  spasticity  and  rigidity 
of  lower  extremity,  the  arm  being  somewhat  less  involved.     Right  leg  weak  and 


Fig.  510. — Case  28.      Perforation  of  helmet  by  rifle  ball, 
producing  aeton  wound  of  vertex. 
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somewhat  rigid.  Deep  reflexes  exaggerated  both  right  and  left,  with  ankle  clonus, 
less  well  sustained  on  the  right  ;  positive  Babinski  both  right  and  left.  Deep 
reflexes  of  arms  exaggerated  on  left,  normal  on  right.  Frequent  focal  seizures, 
which  begin  in  muscles  of  the  left  thigh,  and  cause  powerful  and  painful  contrac- 
tions of  the  leg  in  adduction  and  flexion,  with  clonic  jerking.  By  the  time  of  his 
operation  he  was  unable  to  move  his  left  arm  or  leg,  and  slight  weakness  in  the 
left  face  was  apparent. 

Operation,  2  p.m.  (30  hours). — Ether.  Scalp  wound  excised,  exposing  a  deep 
gutter  fracture  extending  slightly  to  the  right  from  mid-line  ;  a  portion  of  the  jacket 
of  the  rifle  ball  wedged  in  the  fracture  ;  bone  much  fragmented  ;  one  large  plate  of 
depressed  bone  consisting  of  both  tables  was  lifted  out  from  over  the  sinus  without 
causing  bleeding  (Figs.  511,  512).     The  underhing  dura  was  torn  and  the  brain 


Figs.  511,  512. — Case  28.     Outer  (left)  and  inner  (right)  surface  of  single  central  depressed 
fragment  ;    also  bit  of  jacket  of  rifle  ball  removed  from  gutter. 


greatly  pulped  ;  clots  and  disorganized  cerebral  tissue  were  expressed  largely  by 
pressure  on  the  surrounding  dura  :  no  attempt  made  to  thoroughly  empty  cavity. 
Closure  by  plastic,  with  lateral  drain. 

Post-operative  Results. — Aug.  5. — Repeated,  though  lessening,  Jacksonian  attacks 
occurred  for  past  three  days  ;  some  movement  has  returned  in  the  leg.  Temperature 
practically  normal  {Fig.  513),  despite  a  right  pleurisy.  Aug.  9. — Wound  infected 
(staphylococcus)  ;  partly  opened  and  Carrelized.  Aug.  13. — Wound  still  dis- 
charging. General  condition  excellent.  Xo  fungus.  Right  side  remains  practi- 
cally paralyzed,  without  sensorj-  loss.  Evac- 
uated. 

Subsequent  Reports.  —  Sept.  8,  Xo.  11 
General  Hospital. — Wound  practically  healed  ; 
small  sinus.  Xeurological  condition  un- 
changed. Evacuated  to  England.  Dec.  30, 
King  George  Hospital. — ^Abscess  developed, 
and  was  opened  Xov.  1.  Good  recovery. 
At  present  regaining  movements  in  shoulder 
and  arm.  General  condition  good.  Xo  fur- 
ther Jacksonian  attacks.  Jan.  23. — Up  and 
very  much  improved  :  arm  and  leg  gaining 
Fig.  513. — Case  28.     Temperature  chart.  strength. 
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The     Fatal    Cases. 

both  earlv  in  the  series. 


-Two   occurred   in  this  group — both  parietal  cases. 


Case  29.— Gnr.  A.  W.  B.  (Serial  Xo.  4). 

July  25,  1917. — -Serious   condition  from  multiple  woiuids  :    penetrating  wound 
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of  thorax  ;    fracture  of  spine,  with  paraplegia  ;   gutter  wound  of  left  parietal,  with 
contralateral  symptoms  in  arm. 

Operation. — Ether.     Hurried   repair   of  all   three    injuries.     Depressed   fracture 

of  skull  ;    dura   penetrated  ;   severe  contusion  of 
parietal  lobe.     Death  on  eighth  day. 

Autopsy. — Meningitis  ;    double   bronchopneu- 
monia ;    fracture  of  spine. 


Case  30. — Sgt.  E.  B.  (Serial  No.  44). 

Aug.  11,  1917. — Lying-out  case,  twenty-four 
hours.  A  ragged  infected  right  parietal  wound  ; 
a  large  shell  fragment  (Fig.  514)  wedged  in  a 
depressed  fracture  ;  dura  lacerated. 

Imperfect  operation,  under  ether  ;  flap 
method  ;  incomplete  toilette  of  greatly  contused 
parietal  lobe.  Wound  infection  {B.  perfringens) ; 
fungus  cerebri.     Death  third  day. 

Autopsy. — General    meningitis  ;    encephalitis. 


rT*3S"  .^-a^  .^ 


Fic.  514.  ^  Case  30.  23-42- 
grm.  shell  fragment  (natural  size) 
of  a  6-9  shell. 


Group    7 F.— FRACTURES    WITH     DISLODGED  BONE     FRAGMENTS     PENETRATING 
BRAIN,    USUALLY    WITH  EXTRUSION    OF   CEREBRAL   SUBSTANCE. 

Here  we  come  to  a  more  serious  type  of  injury,  one  in  which  fragments, 
often  of  both  tables — contaminated  fragments  consequently — are  widely 
indriven.  There  is  apt  to  be  a  considerable  defect  in  the  skull,  through  which 
cerebral  substance  extrudes,  adding  greatly  to  the  probability  of  infection.* 

The  external  wovmd  accompanying  this  type  of  lesion  is  usually  of  the 
tangential  (gutter)  variety,  though  it  may  be  produced  by  a  direct  blow  from 
an  indented  helmet,  or  the  helmet  may  be  penetrated  and  the  missile  be  found 
in  the  superficial  woimd  or  lodged  in  the  bone.  It  will  be  seen  that  for  the 
larger  number  of  these  wounds  occur  over  the  parietal  area  or  its  junction  with 
frontal  or  occipital  fields. 

All  told,  39  cases  fall  in  this  category.  The  scalp  wounds  (often  the 
cranial  wound  as  well)  were  tangential  in  25  cases,  ragged,  more  or  less 
circular  wounds  in  8,  of  the  small  penetrating  type  in  5,  and  en  seton  in  1.  An 
extrusion  of  cerebral  substance  from  the  wound,  or  direct  exposure  of  the 
brain,  was  recorded  in  all  but  12  of  the  case-histories. 

The  wound  was  over  the  parietal  area  in  27  of  the  39  cases  (including 
paricto-f rental  6,  parieto-occipital  3,  and  mid- vertex  5),  over  the  occipital 
area  in  8,  frontal  area  in  3.  It  is  to  be  noted,  in  contrast  to  the  anatomi- 
cal site  of  the  wounds  with  a  lodged  projectile  {Group  V),  that  there  were  no 
temporal  or  occipito-cerebellar  wounds. 

As  might  be  surmised  from  this  description  of  these  injuries,  the  exact 
nature  of  the  rnissile  producing  them  can  only  be  conjectured  in  the  larger 
number  of  the  cases.     Moreover,  men  with  these  more  serious  injuries  had  no 


*  There  may,  of  course,  be  considerable  overlapping  of  these  groups,  and  such  a  case 
as  that  described  earlier  in  the  paper  iFig.s.  481 -46.5),  with  fragments  from  the  inner  table 
showered  i^ell  into  the  hemisphere  though  the  external  table  remained  intact,  would  hardly 
fall  in  this  group  so  far  as  risks  of  infection  are  concerned,  though  it  would  naturally  be 
placed  here  on  the  basis  of  the  accompanying  cerebral  injury. 
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interest  in  bringing  in  their  damaged  helmets,  and  the  stuporous  condition 
of  12  of  them  on  admission  prechided  any  history  whatsoever.  In  19  cases 
there  was  a  definite  history  of  the  helmet  being  worn  ;  in  5  it  was  not  worn, 
two  of  these  being  bombing  accidents.  The  missile  was  identified  as  a  shell 
fragment  in  5  cases,  shrapnel  ball  in  1,  grenade  in  3.  One  officer  felt  confident 
that  a  rifle  ball  had  penetrated  his  helmet,  and  four  others  were  under  the 
impression  they  had  been  hit  by  machine-gim  bullets.  It  is  the  tyjie  of  injury 
one  would  expect  from  a  rifle  ball  penetrating  the  helmet,  but  in  the  confusion 
of  a  modern  battle  a  wounded  man  can  hardly  be  expected  to  know  what  has 
hit  him,  and  imless  a  fragment  has  lodged,  one  can  only  conjecture  what  the 
missile  may  have  been. 

In  brief,  it  appears  that  cerebral  injuries  of  this  variety,  with  indriven 
bone  fragments  and  escape  of  bruised  cerebral  substance,  are  commonly 
produced  by  tangential  woimds  over  the  thicker  jjortions  of  the  skull,  particu- 
larly of  the  parietal  regions.  The  helmet  in  all  likelihood  has  been  j^erforated 
in  most  cases  ;  the  wounds  arc  almost  always  single  ;  and  it  is  the  type  of 
injury  that  one  would  expect  from  a  rifle  or  machine-gun  bullet.  By  just 
what  mechanism  the  fragments  of  bone  are  driven  at  right  angles  to  the  line 
of  flight  of  the  projectile  is  not  entirely  clear. 

The  wounds  in  most  cases  are  so  similar  and  so  characteristic  that  there 
is  little  occasion  for  subdivisions,  though  there  are  two  which  must  be  recog- 
nized as  important  :  (a)  Those  in  xvhich  the  Jragments  lie  short  of  the  ventricle 
(25  cases) ;  {b)  Those  in  zchich  thei/  have  opened  the  ventricle  (14  cases).  The 
mechanism  of  the  production  of  the  injury  is  of  course  the  same  in  both 
instances,  but  the  distinction  is  based,  as  is  the  distinction  between  cases 
with  an  open  or  closed  dura,  more  on  the  all-important  factor  of  potential 
infection,  than  upon  the  rule  that  the  deeper  the  fragment  the  more  severe 
the  injury. 

Taking  the  group  as  a  whole,  there  were  12  deaths  in  the  39  cases 
(mortality  30-7  per  cent),  but  the  far  greater  seriousness  of  the  ventricle  cases 
over  the  others  can  be  best  shown  by  separating  these  types.  In  25  examples 
of  the  (a)  type  there  were  6  fatalities  (24  per  cent)  ;  in  14  examples  of  the 
(b)  type,  with  the  ventricle  penetrated,  there  were  6  fatalities  (42-8  per  cent). 

Inasmuch  as  one  object  of  this  report  is  to  emphasize  the  effects  of  the 
injury  upon  the  brain  rather  than  its  effects  on  the  skull,  the  further 
discussion  of  the  ventricular  cases  will  be  reserved  for  a  later  section  {Group 
VI),  in  which  they  have  been  placed. 

As  has  been  pointed  out,  the  majority  of  these  wounds  lie  over  the 
parietal  vertex,  and  consequently  many  are  accompanied  by  grades  of  what 
Sargent  and  Holmes  have  called  the  longitudinal-sinus  syndrome.  This,  as  I 
interpret  it,  is  a  symptom-complex  which  indicates  a  contusion  of  the  vertex 
in  which  the  mesial  edges  of  both  hemispheres  participate,  leading  to  a 
bilateral  spastic  paralysis  of  the  lower  extremities,  with  possible  involvement 
of  one  or  both  arms.  The  condition  is  one  which  has  its  counterpart  in  the 
traumatic  spastic  paralysis  of  child-birth — the  so-called  Little's  disease. 
Occasionally  one  finds  thrombosis  of  the  sinus  or  entering  vessels,  but  I  feel 
very  doubtful  as  to  whether  these  vascular  lesions  are  the  actual  cause  of 
the  symptoms.     The  syndrome  certainly  occurs  when  there   is  no  evidence 
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of  thrombosis,  and  the  bilateral  contusion  which  is  almost  inevitably  present 
would  seem  to  be  a  sufficient  explanation. 

One  interesting  feature  of  these  cases  is  the  progressive  nature  of  the 
symptoms  recognized  by  the  victim  of  the  injury,  who,  after  return  of  con- 
sciousness, is  aware  of  weakness  in  one  leg,  or  leg  and  arm,  and  finally  the 
other  leg;  or  in  extreme  cases  both  leg  and  arm  become  involved.  Primary 
weakness  and  numbness  is  succeeded  by  paralysis  and  spasticity,  with  more 
or  less  adductor  spasm. 

The  three  following  cases  illustrate  severe  grades  of  this  syndrome. 

Case  31. — -Pte.  R.  W,  T.  (Serial  No.  18).  Transverse  gutter  injury  of  mid-cranial 
vault,  -with  sinus  injury  and  indriven  fragments.  '  Longitudinal  sinus  syndrome.' 
Operation. 

Admitted  Oct.  9,  1917,  8  a.m. — Wounded  in  early  morning  of  preceding  day 
by  shell  fragment  which  traversed  helmet.  Unconscious  for  some  time.  On  regain- 
ing consciousness  found  he  could  not 
walk  ;  helped  into  a  shell  hole  and 
remained  all  day.  During  this  time 
he  observed  that  his  legs  were  get- 
ting rigid,  and  also  that  his  arms 
were  beginning  to  feel  stiff  and 
numb.  Rescued  by  bearers  late  in 
the  evening. 

General  Condition.  —  Conscious  ; 
rational ;    pulse  100.     No  shock. 

Wound. — Large  transverse  gut- 
ter type,  measuring  10  by  5  cm.,  in 
posterior  parietal  region,  somewhat 
more  to  right  side  (Fig.  515).  X-ray 
report :  "  Fissured  fracture  of  vertex. 
Bone-fragments  indriven.  No  mis- 
sile." 

Neurological  Findings.—  Weak- 
ness, numbness,  and  spasticity  of  all 
four  extremities,  more  marked  in 
legs,  particularly  the  left.  Face  not 
involved.  Considerable  lowering  of 
sensitivity  to  pain  over  legs,  though 
thermal  sense  fairly  well  preserved. 
Some  sensory  loss  also  on  arms.  Definite  loss  of  nuiscle  sense  with  astereognosis  in 
left  hand.  Reflexes  greatly  exaggerated  throughout,  with  bilateral  knee  and  ankle 
clonus  well  sustained.  A  positive,  slow,  Babinski  response  on  left  ;  equivocal  on 
right,  where  response  is  very  active.  Plantar  stinuilation  on  left  leads  to  drawing  up 
of  right  foot,  with  flexion  of  ankle.  Vasomotor  :  left  leg  and  foot  cold  ;  right, 
warm  and  sweating.     A  similar  condition,  though  less  marked,  in  the  arms. 

Operation,  4.30  p.m.  {circa  34  hours). — Novocain.  A  long  transverse  incision, 
like  an  autopsy  incision,  circumscribing  the  dirty  scalp  woimd.  Exposure  of  an 
ojxjning  in  the  external  table  2-5  cm.  in  length  {Fig.  516),  extending  to  the  inter- 
parietal suture  ;  radiating  fissures  pass  in  a  coronal  direction.  Tre|)anation  en  bloc, 
disclosing  a  defect  in  the  dura  2  by  1-5  cm.,  to  the  side  of  the  sinus.  Fragments  of 
bone  and  disorganized  brain  were  extruding.  On  the  inner  surface  of  the  block 
were  a  few  loosely  attached  spicules  (Fig.  517)  ;  other  fragments  completely  separ- 
ated were  carefully  withdrawn.  The  dislodgement  of  one  spicule  which  had  pene- 
trated the  lateral  wall  of  the  sinus  was  followed  by  a  momentary  profuse  bleeding  ; 
checked  by  the  placement  of  three  silver  clips  on  the  margin  of  the  sinus.  The 
right  parietal  lolx;  was  greatly  pulped.  The  track  made  by  the  indriven  fragments 
was  sucked  and  irrigated  by  the  usual  catheter  method  until  the  tension  completely 


Fig.  515. 


-Case  31.     Gutter  wound  acros.s  vertex  : 
sinu.s  syndrome. 
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subsided.     From  the   bottom   of  the  track  at   a  depth  of  5  cm.  eight  fragments 
of  imier  table  shown  by  x  rays  were  recovered.     A  small  amount  of  dichloramine-T 


Figs.    5 1  (J.    517. — Case    31.     Bone     block     showing:      Lejt. — Interparietal    fsuture     and 
fissures  radiating  from  gutter;    Right. — A  few  fraginent.s  of  internal  table  still  attached. 


was  left   in  the  track  ;    the  transverse   incision  was  closed  in  layers,  with  a  single 
drain  of  protective  tissue  let  in  through  a  puncture  opening  (cf.  Fig.  518). 

Post-operative  Course. — Oct.  12. 
— Sutures  and  drain  removed.  No 
untoward  sjnnptoms.  Oct.  14. — 
Spasticity  of  legs  subsiding,  especially 
of  right,  where  considerable  move- 
ment is  present.  Astereognosis  of 
left  arm  persists.  Evacuated  (fifth 
day).     (Fig.  518.) 

Subsequent  Reports.  —  Oct.  16, 
No.  11  General  Hospital.  —  "Con- 
siderable headache  on  admission, 
with  choked  disc  of  1  D.  Wound 
clean.  Loss  of  touch,  pain,  and 
temperature  sense  of  all  extrem- 
ities. Left  arm  weak  at  shoulder 
and  slightly  spastic.  Right  arm 
about  two-thirds  normal.  Leg-- 
slightly  spastic  and  weak  —  about 
one-third  normal.  Superficial  ab 
dominal  reflexes  absent  on  left. 
Deep  reflexes  bilaterally  exagger- 
ated." Dec.  26,  Stepping  Hill  Hos 
pital.  —  "  Progressing  favourably  ; 
general  health  good.  Arms  and 
right  leg  largely  restored  ;  left  leg 
has  good  hip,  feeble  knee,  and 
absent  ankle    movement,  with  some   dulling  of    sensation       Deep  reflexes  rf   + 


P"iG.   518. — Case  31.      Wound  on  evacuation; 
fifth  day. 


598        THE    BRITISH    JOURNAL    OF    SURGERY 


Feb.   13,  1918  (by  letter). — "Still  in  hospital   and    improving;   left  leg  still  weak, 
right  fairly  strong." 

It  is  of  course  ideal  in  a  case  of  this  sort  to  close  the  scalp,  but  if  there 
has  been  an  obviously  imperfect  toilette  of  the  pulped  brain  area,  less  risk 
is  run  by  leavinof  the  wound  open.  Under  certain  circumstances,  therefore, 
it  may  be  unwise  to  cover  the  defect,  as  in  the  following  case — occasionally  it 
is  impossible  to  do  so,  as  in  the  succeeding  one. 

Case  32. — Rfiu.  W.  M.  (Serial  No.  120).  Gutter  wound  of  vertex,  with  fungus. 
'  Ijongitudinal-sinus  syndrome.'  Incomplete  w^ound  closure,  w^lth  direct  treatment  of 
hernia.    Recovery,  with  residual  paralysis. 


Admitted  Sept.  21.  1917.  1  a.ni.- 


»V»t||tlllM« 


gj,>,.,,g|„.,,.^n|....,,»,j„„,,g|,...,.«.|„»,.g|....|,j 


WouiuU'd  on  preceding  day  about  5  a.m.      Lay 

in  shell  hole  all  day, 
unable  to  crawl  back 
owing  to  weakness 
of  right  side.  Severe 
headache  and  vomit- 
ing. Brought  in  by 
bearers. 

f^  General  Condi- 
tion (after  8  hours  in 
resuscitation  ward), 
—  Fully  conscious. 
No  mental  disturb- 
ance .  Pulse  72. 
Hody  warm.  Fundi 
normal. 

N  enrological 
F i n  ding s . — Com- 
plete spastic  paraly- 
sis of  right  leg  and 

Fig.    ol\).  —  Case    :i2.       Showing:     LeJ  t.  ~  ^]x\ch    broken    np    skull;  ^^"^' ,    ^A^^V>    "?-\"i 

Right.  —  Indriven    bone    fragments,   six    in    number.      Both    specimens  Volved.      Partial 

were  pieced  together  after  removal.  paralvsis,  with  some 

si)asticity ,  of  left  leg. 
Left  arm  unin volved.  Deep  reflexes  exaggerated,  with  bilateral  clonus,  less  well 
sustained  on  the  left.     Positive  bilateral  Rabinski  reflex. 

Wound. — Of  gutter  type ;  slightly  to  the  left  of  the  mid-line  of  vault.  Wound 
edges  infected ;  a  foul-smelling  fungus  cerebri  full  of  hair  and  fragments  of  bone. 
X-ray  report  :  "..Fracture,  with  indriven  bone.     Xo  missile." 

Operation,  10  a.m.  (28  hours). — Novocain.  Scalp  wound  encircled  and  excised. 
Incisions  prolonged  in  fleur-de-lys  fashion  (cf.  Fig.  520)  in  preyiaration  for  plastic 
closure.  The  flaps  were  reflected,  disclosing  an  oix'ning  in  the  skull  2  by  2  cm.  in 
diameter,  with  protruding  fungus  and  many  radiating  lines  of  fracture.  Skull  thin, 
brittle,  with  little  diploe.  Removal  en  bloc  of  bony  area  {F'ig.  519).  Pulped  area 
in  left  upper  paracentral  region  thoroughly  cleansed  by  suction  and  irrigation  ; 
removal  of  all  fragments  of  indriven  bone  (Fig.  519).  Owing  to  obvious  local 
infection,  wound  was  incompletely  clo.sed,  leaving  an  opening  directly  over  the 
fungus  ;  treated  with  dichloramine-T. 

Subsequent  Course. — X  small  fungus  developed,  which  was  dressed  daily  and 
treated  with  dichloramine-T.  Oct.  4. — Temjx)rary  cerebrospinal-fluid  leak,  which 
persisted  for  forty-eight  hours.  The  small  fungus,  which  never  protruded  above 
the  level  of  the  scalp,  finally  subsided,  and  began  to  heal  over.  I*atient's  general 
condition  remained  excellent  throughout,  and  the  temj^erature  after  the  first  day 
was  normal  {Fig.  521).  Xo  alteration  occurred  in  the  spastic  paralyses,  and  volun- 
tary movement  was  practically  confmed  to  his  left  arm.  Evacuated  Oct.  14  (twenty- 
third  day). 
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Subsequent  Reports. — Oct.  16,  No.  11  General  Hospital. — Condition  good.  Im- 
mediately evacuated  to  U.K.  Dec.  27  (letter  from  patient,  at  King  George  Hospital, 
written  with  left  hand). — Up  on  couch, 
but  unable  to  stand  as  yet.  Jan.  10. 
1918  (report  from  the  M*0.). — Wound 
healed;  no  headaches;  mentality  nor- 
mal. Right  arm  and  leg  continue 
spastic,  though  considerable  return  of 
all  movement  except  at  ankle.  Chief 
residual  weakness  in  right  hand  and 
foot.  Deep  reflexes  remain  -f  -1-  . 
Slow  though  progressive  improvement. 
Feb.  2  (by  letter). — Steady  progress ; 
taking  walking  lessons. 

Attention  may  be  called  to  the 
structure  of  the  cranial  vault  in 
the  foregoing  case  ;  it  was  compar- 
atively thin  and  fragile,  and  had 
broken  into  many  small  pieces  like 
a  piece  of  china ;  this  is  in  marked 
contrast  to  the  character  of  the 
vault  in  Case  26  {Fig.  502). 

In  the  next  ease,  another  of 
this  same  clinical  type,  it  was 
impossible    to   close   the   wound,  though  the   attempt  was   made   to   do   so. 


Fia.  520.- 


-Fleur-de-lys  incLsions ;  partial  closure ; 
fungus  left  in  centre. 
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Fig.   521. — Case   32.     Chart  showing  regular  temperature  despite  fungus 
and  cerebro-spinal-fluid  leak. 


Case  33. — Pte.  T.  T.  (Serial  No.  180).  Gutter  wound  of  vertex;  cerebral 
herniation  ;  '  lon^tudinal-sinus  syndrome.'  Operation,  x^itli  removal  of  Indriven  bone 
fragments.    Scalp  wound  not  closable. 

Admitted  Oct.  10,  1917,  1.20  p.m. — Wounded  6  a.m.  on  previous  day.  Was 
wearing  helmet.  Temporarily  unconscious.  Lay  in  shell  hole  all  day.  Immediate 
weakness  of  entire  right  side,  and  gradual  of  left  leg  during  the  course  of  the  day. 
Brought  in  by  bearers  after  twenty-four  hours.  Both  legs  and  right  arm  have  become 
increasingly  stiff,  but  was  able  to  move  the  left  leg  until  this  morning. 

General  Condition. — Conscious  ;  rational ;  no  mental  sjTnptoms.  Pulse  80. 
Body  warm. 

Neurological  Findings. — Legs  rigid,  with  marked  adductor  spasm  ;  completely 
paralyzed.  Considerable  hjnpaesthesia,  but  can  distinguish  between  sharp  and  dull 
stimuli,  though  less  well  on  right  than  left.  Right  arm  also  completely  paralyzed 
and  stiff,  with  considerable  sensory  loss  to  pain  and  temperature.     No  recognition 
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of  objects  placed  in  hand.  Deep  reflexes  greatly  exaggerated  throughout,  but  no 
clonus  elicited.     Bilateral  dorsal  toe-response  to  plantar  stroking. 

Wound. — A  very  wide  lacerated  gutter  wound  slightly  to  the  left  of  the  mid-- 
line  at  mid-vertex.  -X-ray  report  :  "  Depressed  fracture  with  indriven  bone.  No 
missile." 

Operation,  10  p.m.  (after  40  hours). — Novocain.  Excision  of  dirty  scalp  wound 
with  gaping  infected  edges.  Area  of  involved  bone  removed  en  bloc  from  over  sinus, 
disclosing  a  tear  in  dura  to  margin  of  sinus.  Many  spicules  and  plates  of  inner  table 
removed  from  about  5  cm.  deep  in  left  hemisphere.  Devitalized  brain  area  removed 
by  irrigation  and  suction.  A  large  anastomotic  vein,  which  was  uninjured  and 
unthrombosed,  bridged  over  the  gap.  This  was  doubly  ligated.  A  large  clean 
cavity  was  left  in  the  hemisphere.  An  attempt  to  close  the  defect  by  an  extensive 
plastic  was  abandoned,  owing  to  the  dense  and  immobile  character  of  the  patient's 
scalp,  which  could  not  be  easily  shifted.  Incisions  sutured.  Protective  dressing 
directly  over  wound  in  dura  with  dichloramine-T. 

Post-operative  Course. — Oct.  22. — Condition  has  remained  excellent,  with  normal 
temperature,  despite  development  of  a  small  fungus.  Continued  dichloramine-T 
dressings.  Fairly  rapid  return  of  movement  in  left  leg.  Right  side  remains  para- 
lyzed. Oct.  29. — Some  movement  returning  in  right  leg  at  hip  and  knee,  and  in 
right  arm  at  elbow.  Deep  reflexes  remain  hyperactive,  with  clonus  on  the  right. 
Nov\    16. — Condition   progressively   improving.     Fungus   clean.     Evacuated. 

Subsequent  Reports. — Nov.  18,  No.  14  GJeneral  Hospital. — Picric  acid  dressing. 
Evacuated  immediately  to  England.  Jan.  10,  1918  (by  letter  from  King  George 
Hospital). — Still  in  bed  ;  fungus  not  entirely  healed  ;  right  arm  and  leg  still  weak 
and  stiff.    Feb.  22  (by  letter). — Wound  healed  ;   regaining  movement  in  arm  and  leg. 

Another  parietal  injury  which  falls  in  this  group  was  as  follows.  The 
wound  was  of  the  direct  rather  than  the  more  common  tangential  variety, 
and  some  interest  attaches  to  the  behaviour  of  the  fragments.  Large  scales 
of  the  broken  inner  table,  though  fully  detached,  yet  remained  adherent  to 
the  dura,  and  through  and  between  them  a  single  fragment  of  outer  table 
was  deeply  indriven  (cf.  Figs.  522,  523,  524).  A  similar  occurrence  will  be 
met  with  in  a  case  in  a  subsequent  section  {Group  VI,  Fig.  150). 

Case  94. — -Pte.  W.  G.  T.  (Serial  No.  74).  Multiple  wounds.  Depressed  fracture  ; 
cerebral  extrusion ;  contralateral  monoplegia.  Operation ;  removal  of  deep  bone 
frasrments.    Recovery. 

Admission,  Aug.  22,  1917,  2  p.m. — Wounded  by  shell  at  6  a.m.  ;  apparently 
no  loss  of  consciousness  ;  walked  unaided  to  aid  post.  History  obtained  with  diffi- 
culty, owing  to  speech  defect. 

Condition. — Good  ;    rational  ;    pulse  normal. 

Wounds. — (1)  Lacerated  wound,  arrow-head  in  shape,  over  the  left  parietal 
eminence  near  mid-line  ;  depressed  fracture  of  skull  ;  extrusion  of  cerebral  sub- 
stance. X  rays  show  indriven  bone  with  minute  foreign  particles.  (2,  3)  Penetrat- 
ing wounds  of  left  shoulder  and  left  knee. 

Neurological  Findings. — Slight  parai>hasia  :  gets  words  with  some  hesitation 
and  stammering.  Slight  weakness  of  right  face  ;  complete  paralysis  of  arm  ;  no 
apparent  weakness  of  leg.  No  demonstrable  sensory  loss  ;  muscle  sense  normal. 
Deep  reflexes  active,  equal  :   without  clonus. 

Operation,  10  p.m.  (14  hours). — Novocain.  Tripod  incision  encircling  wound, 
disclosing  depressed  fracture  (Fig.  522),  with  absence  of  bone  substance  and  a  wide 
radiating  fi.ssure.  Trepanation  en  bloc,  showing  (Fig.  523)  wide  fracture  of  inner 
table,  with  detachment  of  five  large  pieces,  two  of  which,  together  with  a  fragment 
of  external  table,  were  driven  deeply  into  the  brain  through  a  tear  (2  by  1-5  cm.)  in 
the  dura.  Area  of  brain  greatly  pulped  ;  thorough  toilette.  Closure  of  scalp  wound, 
with  single  gutta-percha  drain.     Repair  of  wound  of  shoulder  and  knee. 

Post-operative  Course. — Aug.  28. — ^Movement  beginning  to  return  in  right  hand 
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and   arm.     Paraphasia   practically  disappeared.     Aug.   31. — Wound   j)erfect  ;    tem- 
perature normal.     Evacuated. 

Subsequent  Reports. — Sept.  2,  No.  10  General  Hospital. — Condition  practically 
normal.  Evacuated  to  England.  Oct.  27,  1st  Southern  Hospital,  Birmingham. — 
Condition  normal.  Free  from  subjective  symptoms.  Slight  weakness  of  right  arm. 
Boarded  as  permanently  unfit.  Jan,  26,  1918  (by  letter). — No  residual  sjinptoms 
whatsoever  ;    no  headaches  :    expects  to  resume  occupation. 


A  K'^l*x*<^ 


Figs.  522,  523,  524. — Case  34.  Left. — External  table  with  defect  in  depression  and 
fissures  ;  Right. — Inner  table  showing  marked  loss  of  substance  ;  Centre. — Mosaic  of  frag- 
ments of  internal  table  pieced  after  removal  ;  Below. — Single  indriven  fragment  of  external 
table. 


An  example  of  a  more  posterior  wound  of  this  same  type,  with  injury 
of  the  occipital  lobe,  follows.  The  patient  had  been  lying  out,  and  in  the  face 
of  an  infection,  possibly  too  great  risks  were  taken  in  closing  the  wound  with- 
out a  drain.  Had  the  presence  of  gas  bacilli  on  the  indriven  bone  fragments 
been  foretold,  drainage  woidd  have  doubtless  been  employed.  Examples  of 
disaster  from  closure  under  these  circumstances  were  not  infrequent  in  the 
early  series,  particularly  before  we  came  to  the  routine  employment  of 
dichloramine-T  in  these  gas-suspected  wounds. 

Case  35. — L.-Cpl.  W.  J.  W.  (Serial  No.  49).  Ri^ht  parleto-occlpital  wound,  with 
herniating  brain.  Dural  penetration  by  Indriven  bone  fragments,  showing  B.  per- 
frlngens  on  cxilture.    Left  homonymotis  hemianopsia. 

Admission,  Aug.  14,  1917,  6.15  p.m. — History  obscure  :  patient  disoriented. 
Thinks  he  was  wounded  two  days  ago  going  over  his  parapet  ;  wearing  helmet. 
Remembers  being  brought  in  by  stretcher  bearers. 

General  Condition. — Somewhat  stujwrous,  but  can  be  roused  to  answer  questions. 
Pulse  60.  Severe  headache  ;  vomiting.  Eyes  practically  closed  by  ecchymosis  and 
oedema  of  lids. 

Wound. — A  circular,  ragged,  bad-smelling  wound  about  3  cm.  in  diameter  over 
right  p>osterior  parietal  region.  Cerebral  substance  extruding.  X-ray  report  : 
"  Fracture  with  cranial  defect  and  five  indriven  bone  fragments  "  {Fig.  525). 

Neurological  Findings. — Right  pupil  larger  than  left.  Fundi  show  low  grade  of 
papilloedema  with  obscuration  of  disc  margins.  No  paralyses  detected.  Imjjossible 
to  test  for  hemianopsia.     Normal  plantar  responses.     No  abdominal  reflexes. 
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Operation,  8  p.m.  (circa  48  hours). — Novocain.  Excision  of  scalp  wound. 
Block  trepanation,  disclosing  laceration  of  dura  about  2  cm.  diameter,  and  fungus. 
Suction  and  irrigation  of  track,  with  removal  of  the  bone  fragments  from  depths  of 

5   and   6   cm.      Complete   relief  of  pressure. 
:^  ~i      Fimgating  portion  of  brain  bluntly  excised. 

Tripod   scalp   incisions   closed   in   layers;    no 
drainage. 

Smears  and  cultures  (Capt.  Leitch)  from 
a  deep  bone  fragment  show  bacilli  of  the 
perfringens  type. 

Post-operative  Course. — Aug.  16. — Condi- 
tion excellent.  Sharply-cut  left  homonymous 
hemianopsia  demonstrable.  Patient  much 
more  alert.  Aug.  18. — Normal  healing ;  su- 
tures removed  (Fig.  526).  Still  some  slight 
headache.  Subconjunctival  ecchymoses  have 
appeared.  Some  continued  elevation  of  tem- 
perature (Fig.  527),  but  wound  shows  no 
tension.  Sept.  5.^ — General  condition  excel- 
lent. Wound  perfectly  solid  and  without 
tension.  Subconjunctival  ecchymosis  persists, 
also  left  homonymous  hemianopsia.  Evacu- 
ated. ''' 

Subsequent  Reports.— Sept.  12,  No.  1  Cana- 

Wound    healed.     Evacuated.     Jan.   1,   1918, 

Condition   remains    good    except   for 


Fib.  525.- — Case  35.  X-ray  photograph, 
showing  square  defect  and  five  indriven 
fragments. 


dian    Hospital.  —  Some    cephalalgia. 

Northumberland   War   Hospital    (by   letter). - 

persistence  of  hemianopsia  and  occasional  headache  ;   up  and  about ;    being  retained 

for  bone-grafting  operation.     Jan.   18  (by  letter). — Tinal   decision   not   to  operate. 

Has    received    his    discharge  ;    feels   well,    and   expects   to   return   to    his   business. 

Feb.  14.— Doing  well,  but  annoyed  by  pulsation  in  defect  after  exertion. 


^^I^f' 


Fig.  526. — Case  35.     Patient  on  fourth  day. 


The  following,  another  parietal  lesion,  is  an  example  of  a  direct  rather 
than  a  tangential  hit,  with  lodgement  of  the  missile  in  the  skull.  Under  these 
circumstances  the  showering  of  cranial  fragments  into  the  cerebrum  is  easily 
understood. 
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The  case  is  an  example  also  of  a  double  cranial  injury.     The  auro-petrosal 
wound  miwht  easily  have  been  the  more  serious  of  the  two  had  the  dura  not 


Fig. 
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Case  35.     Chart  showing  irregular  temperature  though  woimd  remained  intact. 


remained  intact.     Had  it  been  torn,  the  case  woiJd  properly  have  fallen  in 
the  group  of  far  more  serious  lesions  to  be  considered  later  on  {Group  VII). 

Case  36. — Pte.  G.  A.  A.  (Serial  No.  70).  Multiple  shrapnel  wounds.  Superficial 
lodgement  of  ball  in  parietal  bone,  with  firasrments  projected  into  brain.  Second 
ball   in  petrous  bone,    with  intact  dura.    Recovery. 

Admission,  Aug.  20,  1917,  10  a.m. — Probably  wounded  in  early  morning  attack. 
No  reliable  details  elicited. 

General  Condition. — Semi-conscious  ;  can  be  roused  with  difficulty  ;  responds 
vaguely  to  questions.     Is  somewhat  disoriented.     Pulse  60. 

Wounds. — Three  circular  scalp  wounds  with  ragged  edges,  apparently  penetrat- 
ing :  (1)  Over  left  parietal  eminence  3  cm.  from  mid-line  ;  (2)  Over  left  mastoid  ; 
(3)  Just  anterior  to  the  attachment 
of  the  pinna ;  also  (J)  A  perforating 
woimd  of  right  deltoid.  X  rays  show 
two  shrapnel  balls,  on?  in  the  parietal 
bone  with  indriven  fragments,  a  second 
in  the  right  petrous  bone  in  line  with 
the  auditorj-  cana). 

Neurological  Findings. — Persistent 
conjugate  deviation  of  head  and  eyes 
to  the  right.  Can  be  induced  momen- 
tarily to  turn  eyes  to  left  ;  the  move- 
ment elicits  nystagmus.  Apparently 
complete  left  hemiplegia.  Sensors- 
tests  unreliable.  Deep  reflexes  not 
obtained  on  left  ;  sluggish  on  right. 
Normal  plantar  response  on  right ; 
sluggish  on  left. 

Operation,  6  p.m.  (circa  12  hours). 
— Novocain. 

Temporal  wounds  :  A  curvilinear 
incision  made  incorjjorating  the  wounds 
before  and  behind  left  ear  ;  downward 
reflexion  of  flap.  Wound  over  mastoid 
non-penetrating.  Under  anterior 
wound  is  a  badly  fractured  petrous  bone,  with  iron  shrapnel  ball  lodged  deeply  in 
the  region  of  the  middle  ear.  The  ball  was  removed,  together  with  many  fragments 
of  petrous  bone  (Fig.  528)  and  pieces  of  helmet  lining.  Dura  contused,  but  intact. 
Closure  of  flap,  with  direct  drainage  through  unexcised  original  wounds. 


iM!ir'"i'r"''iir"'4i  '5 
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Fig.  528.     Case  36.     Ball  from  jietrous  bone  with 
dislodged  fragments. 
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Parietal  wound  :  Tripod  incisions  ;  ball  found  lodged  in  bone  (Fig.  529),  with 
protrusion  of  cerebral  substance  alongside  it.  Trepanation  en  bloc  ;  practically  all 
fragments  of  inner  table  detached  and  showered  through  a  laceration  in  the  dura 
(Fig.  530).  On  dislodging  some  superficial  fragments,  much  clot  and  disorganized 
brain  extruded  itself.  Other  fragments  were  removed  from  a  depth  of  5  cm.  at  the 
bottom  of  the  puljjed  area.  Careful  toilette  of  cavity  ;  closure,  with  direct  gutta- 
percha drain. 

Shoulder  wound  :  Excision  of  lacerated  muscle  in  track  ;  Carrel-Dakin  treatment. 

Post-operative  Course.— Aug.  22. — Wounds  look  well  ;  sutures  removed.  Some 
return  of  movement  in  left  side,  which  is  still  very  weak.     Persisting  conjugate 


Figs. 


629     530,    531. — Ccwe    36.     Ball    lodged    in   parietal    bone  :     indriven   fragments 
recovered  :    one  fragment  attached  to  inner  surface  of  block. 


deviation  of  eyes  to  right  ;  movement  to  left  brings  out  nystagmus.  Aug.  29. — 
Wounds  practically  healed.  Moves  left  leg  well  ;  arm  remains  paralyzed.  Still 
some  nystagmus  to  the  left.  Right  deafness  persists.  Evacuated,  though  some 
slowing  of  pulse  and  somewhat  irregular  temperature 
(Fig.  532). 

Subsequent  Reports. — Oct.  3  (by  letter  from  Lord 
Derby  War  Hospital). — Was  evacuated  to  England 
Sept.  9.  Wound  perfectly  healed,  now  up  in  wheeled 
chair.  Jan.  10,  1918. — Left  leg  normal  ;  free  move- 
ments of  left  arm  and  a  fairly  good  grasp  with  the 
left  hand,  which  shows  daily  improvement.  Right 
ear  deaf.  Jan.  18. — Has  had  an  aluminium  plate, 
3  in.  by  2  in.,  inserted  by  operation  over  the  defect; 
dura  torn  at  operation  ;  two  epileptiform  seizures 
followed.  Feb.  15.  —  Up  again,  and  doing  well 
after  four  weeks  in  bed  following  operation  ;  arm 
improving. 


Fia.  532. — Case  36.  Chart  show- 
ing slight  irregularities  though  wound 
remained  intact. 


The  foregoing  story  shows  that  not  only  gutter  wounds,  but  also  direct 
or  oblique  impacts  with  lodgement  of  the  missile,  may  produce  a  showering 
of  bone  fragments.  There  was  one  other  case  in  the  series  (Serial  No.  112) 
with  a  parietal  wound  very  similar  to  the  above,  in  which  an  8-grm.  shell 
fragment,  showing  a  burnished  surface  from  helmet  perforation,  was  wedged 
in  the  broken  skull  {Figs.  533,  534.).  The  man  was  discharged  on  the  fifth 
day  with  perfect  wound  healing,  and  has  made  a  good  final  recovery. 

In  the  following  case  there  were  two  cranial  wounds  of  different  types — 
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one  a  gutter  wound  with  indriven  bone  fragments,  the  other  a  small  penetrat- 
ing wound  with  intracerebral  lodgement  of  the  projectile.  The  former  was 
regarded  as  the  more  serious,  and  the  penetrating  wound  was  treated  con- 
servatively and  allowed  to  pursue  its  own  course. 

Case  37. — Bdr.  W.  C.  (Serial  Xo.  176).  Multiple  wounds.  Two  cranio-cerebral ; 
grutter  Tvound  of  left  parietal,  operated  upon  ;  penetratiner  wound  of  frontal,  no 
operation.    Recovery. 

Admission,  Oct.  9, 1917, 
11.15  a.m.  —  Wounded  in 
back  area  at  midnight, 
while  asleep  without  a  hel- 
met. Xo  loss  of  conscious- 
ness ;  immediate  numbness 
of  hand  and  arm  ;  walked 
short  distance  with  help  ; 
arrived  in  good  condition. 

Wounds.  —  (1)  Gutter 
type,  of  right  posterior  par- 
ietal ;  extruding  brain  ;  (2) 
Penetrating  type,  through 
right  frontal  sinus  ;  (3)  Pene- 
trating right  cheek,  with 
paralysis  of  lower  facial. 
X-ray  report  :  "  Depressed 
fracture  of  right  parietal, 
with  indriven  bone  ;  fracture 
of  frontal,  with  small  metal   fragment  5  cm.  in  brain." 

Seurological  F/nrf/wgs.— \Veakness  of  left  face  and  arm  ;    loss  of  muscle  sense  ; 
astereognosis.     Deep  reflexes  ~   —  :    equal. 
Operation,  2  p.m.  (14  hours). — Xovocain. 

1.  Tripod  incisions  encircling  gutter  wound.  Block  trepanation  of  small 
depressed  gutter  fracture  (Fig.  535)  with  verj'  dirty  fungus.  Inner  table  entirely  dis- 
lodged (Fig.  536),  with  showered 
fragments.  Bleeding  artery  on 
cortex,  secured  by  clip.  Usual 
toilette  of  pulped  track.  Dichlor- 
amine-T.  Tear  in  dura  approxi- 
mated with  single  suture.  Scalp 
closed  with  no  drain. 

2.  Diehloramine-T  treatment 
of  track  of  frontal  wound,  which 
penetrated  frontal  sinus  :  no  oper- 
ation. 

3.  Wound  of  cheek,  penetra- 
ting parotid  ;  projectile  lodged 
near  angle  of  jaw.  Counter- 
opening  made  ;  through  -  and  - 
through  gutta-percha  drain  (Fig. 
537). 

Post-operative    Course.  —  X  o 
Rapid  improvement  in  palsy  of  opposite 


Figs.  533,  ^.U.  —Example  of  lodged  shell  fragment  :  lodged 
in  an  oblique  gutter  wound. 


4.)r-A, 


Figs.  535,  536. — Case  37.     Small  gutter  fracture  in  thin 
skull ;    complete  dislodgement  of  fragments. 


fever  ;    wounds  healed  well  (Fig.  538) 
arm.     Evacuated  Oct.  14  (fifth  day). 

Subsequent  Reports. — Oct.  19,  Xo.  13  General  Hospital. — Evacuated  to  England, 
Dec.  7,  Oakbank  W^ar  Hospital .^ — Paralysis  of  lower  branches  of  right  facial.  Slight 
loss  of  power  in  left  hand  ;  improving.  Evacuated  to  Auxiliary  Hospital.  Feb. 
15,  1918  (by  letter). — Back  in  the  army  signal  section  since  Jan.  1  ;  complains  of 
headaches. 
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Mention  has  been  already  made  of  the  fact  that  the  occipital  cases  have 
in  some  respects  seemed  to  be  less  favourable,  or  at  least  more  difficult,  than 

frontal  ones.  We  shall  see 
that  live  of  the  six  fatal- 
ities occurred  in  occipital 
cases. 

The  wound  in  the  fol- 
lowing case  was  parieto- 
occipital, and,  like  the 
foregoing,  a  transverse  gut- 
ter wound.  It  was  one  of 
the  earlier  cases  in  the 
scries,  when  avc  were  still 
attempting  to  cover  defects 
with  flaps. 


Case  38.  — Pte.  P.  P. 
(Serial  No.  52J).  Parieto- 
occipital gutter  fracture,  brain 
extruding ;  indriven  bone 
fragments.  Homonymous 
hemianopsia.  Operation: 
closure  by  flap.  Infected  fun- 
gus.   Recovery. 


Fig.  537. — Case  37.  Tripod  incisions  for  parietal  wound  ; 
second  day.  Note  small  swelling  over  forehead  where  pene- 
trating wound  existed  :    also  parotid  drain. 


Admitted  Aug.  16,  1917,  7.20  p.m. — Went  over  parapet  at  5  a.m.,  wearing 
helmet ;  no  recollection  of  subsequent  events  ixntil  being  dressed  at  a  field  ambu- 
lance.    Has  had  nausea  and  vomiting.     Complains  that  his  head  is  bursting. 

Wound. — Transverse  gutter  wound,  6  cm.,  over  parieto-occipital  suture,  crossing 
mid-line,  slightly  more 
to  the  left.  Cerebral 
substance  extruding. 
A'-ray  report  :  "  Frac- 
ture with  indriven  bone 
fragments,  together 
with  small  pieces  of 
metallic  dust." 

Neurological  Find- 
ings.— A  low  grSde  of 
choked  di.sc.  Unable 
to  recognize  objects, 
though  vision  not  en- 
tirely lost ;  "  things  look 
hazy "  to  him.  Some 
weakness  of  right  arm 
and  leg,  without  sen- 
sory impairment.  Deep 
reflexes  bilaterally  -f  -f , 
with  ankle  clonus. 
Equivocal  plantar  re- 
flexes. 

Aug.  17.— Resusci- 
tation   ward     during 

night  ;     wound    meanwhile    Carrelized ;    became-  dull,   vomited   several   times,    and 
would  no  longer  co-operate.  .  . 


Fig,  538. — Ccue  37.     Wounds  before  evacuation,  fifth  day. 
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Operation,  9  a.m.  (28  hours). — Novocain.  Excision  of  dirty  scalp  wound,  with 
outlining  of  plastic  flap  for  closure.  Block  trepanation  encircling  depressed  area 
(Figs.  539,  540).  On  elevating  bone  disc  momentary  sharp  bleeding  occurred  from 
sinus  ;  promptly  checked  with  lateral  clips.  Tear  in  dura,  with  protruding  fungus. 
Dura  incised  to  margins  of  bone  opening.  Thorough  irrigation  of  pulped  and 
hjemorrhagic  ca\ity  in  left  parieto-occipital  lobe  ;  removal  of  innumerable  small 
fragments  of  bone,  many  of 
which  came  away  in  the  eye  of 
the  catheter.  Defect  covered 
by  sliding  flap,  leaving  small 
denuded  area  at  side  with  lateral 
drainage. 

Post-operative  Course .  — 
Aug.  20. — Return  of  vision  in 
left  fields,  leaving  a  sharply-cut 
right  homonjTnous  hemianopsia. 
The  weakness  of  right  arm  and 
leg  persists.  Aug.  22. — Flap  pro- 
truding, though  incision  itself 
appears  without  reaction. 
Wound  partly  opened  and  Car- 
relized.  Temperature  has  re- 
mained practically  normal.  Aug. 
27. — An  infected  fungus  under- 
lying the  flap.  Attempts  to 
Carrelize  unsuccessful.  Lumbar 
puncture  :  20  c.c.  of  clear  fluid ; 
culture    negative.      Sept.   20. — 

Wound  slowly  cleaniujaf  up.     Flap  holding.     Comparatively  little  discharge.     General, 
condition  excellent.     Neurological  symptoms  unchanged  ;  right  homonymous  hemi- 
anopsia ;    slight  weakness  of  right  side.     Evacuated. 

Subsequent  Reports. — Dec.  7  (by  letter). — At  Gilford  House  Auxiliary  Hospital 
for  past  month.  Wound  healed  ;  is  up  and  about  ;  slight  weakness  of  right  side 
persists.  Dec.  22,  King  George  Hospital. — Vision  normal.  Has  had  a  cap  with 
plate  made.  Normal  power  of  right  side  largely  regained.  Feb.  2,  1918,  3rd 
London  (ieneral  Hospital  (by  letter). — Has  been  advised  to  have  a  bone-graft 
operation,  from  rib,  to  fill  small  defect :  does  not  like  the  idea,  as  he  is  "  fed  up " 
with  hospitals,  and  feels  well  enough  to  get  home. 

This  case  furnishes  a  typical  illustration  of  the  risks  of  covering  in  a  bone 
defect  overlying  a  dural  opening  and  damaged  brain  by  the  flap  method. 
For  in  case  the  removal  of  the  devitalized  cerebral  tissue  and  the  showered 
bone  fragments  is  incomplete,  and  trouble  ensues  therefrom,  direct  access  to 
the  area  is  precluded  unless  the  flap  is  largely  sacrificed.  A  faulty  procedure 
of  this  kind  was  the  cause  of  a  number  of  fatalities  in  the  series. 

This  case  was  one  of  the  first  in  which  the  principle  of  suction  was  hit 
upon — due  to  the  withdrawal  of  a  few  bone  fragments  in  the  eye  of  the 
catheter,  which  at  the  time  was  being  used  largely  for  irrigation  purposes  and 
as  a  means  of  detecting  bone  fragments  without  the  advocated  introduction 
of  a  finger. 


Figs.  539,  540. — Caie  38.  Transverse  gutter 
fracture  at  occipito-parietal  suture  ;  few  bone  frag- 
ments adherent  to  inner  surface. 


The  Fatal  Cases. — As  stated,  there  were  6  fatalities  in  this  group,  one 
of  them  frontal,  the  other  five  all  occipital — in  fact  only  two  strictly  occipital 
cases  recovered.  Cases  35  and  38,  reported  above,  being  classed  as  parieto^ 
occipital. 
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The  frontal  case  was  hopeless  from  the  outset,  and  it  properly  belongs 
to  Group  VII,  as  both  ventrielcs  were  found  at  autopsy  to  have  been  opened, 
though  this  was  not  recognized  at  the  operation. 

Case  39.— Pie.  W.  J.  (Serial  No.  201). 

Oct.  20,  1917. — liRrjie  median  transverse  gutter  wound  exposing  both  frontal 
lobes  ;  destroying  falx  and  longitudinal  sinus.  Complete  loss  of  inhibition  :  noisy, 
jocular,  uncontrollable.  Attempted  repair,  with  closure,  after  removal  of  indriven 
bone  and  checking  of  deep-seated  bleeding.  Secondary  haemorrhage  on  second  day, 
with  development  of  huge  fungus.     Death  on  seventh  day  ;    temperature  107°. 

Autopsy. — Radiating  lines  of  fracture  ;  widespread  encephalitis,  meningitis, 
and  ventriculitis  ;    large  infected  fungus. 

The  five  occipital  cases  follow,  the  last  of  them  of  sufficient  interest  to 
report  at  some  length. 

Case  40.— Rfm.  J.  H.  (Serial  No.  30). 

Aug.  3,  1917. — Lying  out  twenty-four  hours  ;  multiple  gassy  wounds  of  head, 
back,  and  arms.  Minute  punctured  wound  of  right  occiput  ;  indriven  bone  ;  stink- 
ing abscess  of  occipital  lobe  (culture  :  B.  perfringens,  staphylococci,  coliform  bacilli). 
Death  third  day. 

Autopsy. — Generalized  gas  infection  of  brain  and  lumbar  muscles. 

Case  41.— Pte.  A.  W.  (Serial  No.  65). 

Aug.  17,  1917. — Without  history  ;  irrational  ;  neurological  examination  futile. 
Large  circular  occipital  wound  ;  brain  extruding.  Resuscitation  ward  twenty-four 
hours  ;    condition  improved  ;    right  homonymous  hemianopsia  demonstrated. 

Operation. — Imperfect  toilette  ;  defect  covered  by  flap.  Broken-down  wound 
with  large  fundus.  Symptoms  suggesting  meningitis  on  tenth  day  :  lumbar  punc- 
ture     turbid  fluid.     Death  Sept.  16  (thirtieth  day). 

Autopsy. — Radiating  fissures  from  bone  defect  to  vertex.  No  apparent  menin- 
gitis ;    ventricles  clear  ;   large  abscess  in  temporo-sphenoidal  lobe. 

Case  42.— Pte.  C.  W.  (Serial  No.  122). 

Sept.  21,  1917. — Wounded  previojis  day  going  over  top  ;  wearing  helmet.  Left 
homonymous  hemianopsia.  Vision  greatly  reduced  on  right.  Multiple  body  and 
scalp  wounds,  including  a  very  large  dirty  occipital  gutter  wound  ;    brain  extruding. 

Trepanation  en  bloc  ;  laceration  of  dura  beside  sinus  ;  right  lobe  much  pulped  ; 
usual  toilette,  but  incomplete  recovery  of  bone  fragments.  Large  wound  of  back  ; 
also  of  shoulder.  Gas  infection  of  all  wounds  ;  fungus  cerebri.  Death  third  day  ; 
temperature  105°.  ^ 

Autopsy. — Gas  encephalitis  ;  vessels  full  of  bubbles  ;  blebs  under  arachnoid  ; 
entire  brain  pasty  and  soft. 

Case  43,— Pte.  T.  H,  (Serial  No.  128), 

Sept.  21,  1917, — Semi-conscious.  Foul  gutter  wound  of  left  occipito-mastoid 
region.     Neurological  tests  impossible.     Marked  nystagmus. 

Fragmentary  trepanation  ;  removal  of  blocks  of  bone  driven  into  lateral  sinus 
and  occipital  lobe  ;  partial  closure.  W^ound  infected  (staphylococci  and  strepto- 
cocci) ;   lumbar  puncture  (pure  streptococci).     Death  third  day. 

Autopsy. — Mastoiditis,  Linear  fractures  radiating  to  foramen  magnum  and 
over  petrous  bone.  Subdural  clot  over  left  hemisphere.  Track  containing  a  bone 
fragment  not  recovered  passes  through  occipital  lobe  to  left  cerebellum,  which  is 
much  contused.     Septic  meningitis. 

The  last  of  these  five  fatal  occipital  cases  is  as  follows.  As  in  the  three 
foregoing  ones,  there  was  an  incomplete  treatment  of  the  track,  with  retention 
of  soiled  bone  fragments,  which  were  later  extruded  with  a  developing  fungus. 
The  operation  was  complicated  by  bleeding  from  the  sinus. 
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Fig.    541. — Case   44.      Perforated    helmet    a.ssociated 
with  occipital   gutter  wound. 


Case  44. — Pte.  F.  B.  (Serial  No.  101).  Occipital  gutter  wound.  Bilateral  con- 
ttislon ;  central  blindness.  Sinus  injury.  Incomplete  toilette  of  pulped  cavity  in 
rifirht  occipital  lobe.    Convulsions.    Gas  infection.    Meningitis.    Death. 

Admission,  Sept.  14,  1917, 
5  p.m. — Struck  by  a  fragment  of 
shell  about  noon  ;  wearing  helmet 
{Fig.  541).  Knocked  down,  but 
not  unconscious.  Right  side  weak  ; 
has  not  attempted  to  ;walk.  Some 
headache  ;  moaning,  weeping ;  pulse 
120. 

Wound. — A  dirty  7-cm.  trans- 
verse gutter  wound  crossing  mid- 
line of  occipital  prominence.  Case 
marked  "  Urgent  :  bleeding  from 
sinus."  Wound  had  been  packed 
with  gauze.  JV-ray  report :  **  Frac- 
ture of  bone,  with  indriven  frag- 
ments." 

Xeurological  Findings.  —  Ce  n- 
tral  blindness;  does  not  see  flash- 
light.    Deep  reflexes  active,  equal. 

Operation,  10  p.m.  (circa  10 
hours). — Novocain;  cerebellar  table. 
Wound  excised  ;  bone  disc  {Figs. 
542,  543)  encircled.  On  elevating 
disc  and  removing  gauze  plug,  fresh 
bleeding  started  from  sinus ;  check- 
ed by  momentary  pressure  and  hot 
saline.  Laceration  of  the  dura  over 
right  occipital  lobe,  with  much 
pulping  of  lobe.  Disorganized  tis- 
sue thoroughly  removed  by  suction 
and  irrigation.  Several  bone  frag- 
ments from  depth  of  5  cm.  re- 
moved, together  with  pieces  of 
stuffing  of  helmet.  Given  a  drink 
on  request  :  immediate  vomiting, 
causing  active  bleeding  afresh  from 
sinus ;  bleeding  controlled  after 
some  moments  by  placement  of 
two  muscle  grafts.  Owing  to  this 
complication,  no  further  attempt 
made  to  remove  remaining  frag- 
ments.    Partial  closure  of  wound. 

Post-operative  Course.  —  Sept. 
16. — Scalp  wound  shows  infection. 
All  sutures  removed.  Brownish  pus 
with  bubbles  of  gas.  Lumbar  punc- 
ture :  30  c.c.  of  bloody  fluid  under 
tension  (Capt.  Leitch  :  •'  Cerebro- 
spinal fluid  sterile  ;  pus  from  brain, 
B.  perfringens ").  Sept.  18.  — 
Wound  looks  better.  Some  return 
of  vision.  Recognizes  light  objects  ; 
also  blue  colours.  Sept.  21.  —  A 
series  of  general  con\mlsions  yes- 
terday and^to-day.     Fragments  of 


Figs.  542,  543. — Case  44.  Showing  outer  and 
inner  aspects  of  occipital  gutter  fracture  :  all  frag* 
ments  detached. 
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bone  removed  from  track  in  herniating  brain.  Fungus  increasing.  Sept.  24. — 
Continued  convulsions  during  past  three  days  ;  increasing  fungus.  Sudden  terminal 
rise  in  temperature  {Fig.  544),  doubtless  from  meningeal  infection.     Death. 

Autopsy. — Three  linear  fractures  radiate  from  defect  ;    one  extending  up  over 
vertex  for  8  cm.,  another  down  into  the  posterior  fossa  to  foramen  magnum,  the 

third  over  the  right  parietal  bone.  Extensive 
meningeal  infection.  Necrotic  fungus  protrudes 
from  right  occipital  lobe  ;  left  lobe  badly  contused 
and  pulped,  though  overlying  dura  intact.  No 
septic  thrombosis  of  sinus.     Muscle  grafts  in  place. 

The  fatalities,  as  can  be  seen,  have  been 
due  to  abscess  formation,  meningitis,  and  gas 
encephalitis.  It  is  regrettable  that  there  were 
no  opportunities  to  study  these  brains  either 
bacteriologically  or  histologically,  or  to  pre- 
serve some  of  them  for  subsequent  study. 

The   question   of  an  encephalitis  due  to 

the  B.  Welchii  is  an  important  one,  in  view 

of   the   prevailing    idea   that  gas  infection  is 

There  can  be   little   doubt  as   to    its   existence,  and   the 

It  is  of  vital  importance  in  these  cases. 


Fig.  544. — Case    44. — Incomplete 
operation,  with   terminal    meningitis, 


a  muscle  disease. 

subject  deserves  careful  investigation. 

as  in  wounds  elsewhere  in  which  a  foreign  body  wdth  gas  bacilli  attached  has 

become  lodged,  that  all  the  devitalized  tissue  be  removed  together  with  the 

projectile  and  bone  fragments,  if  that  is  a  possibility.     It  is  the  reason  why 

so  much  stress  has  been  laid  on  the  painstaking  toilette  of  the  cerebral  track, 

as  well  as  of  the  wound  of  the  scalp  and  cranium,  in  these  cases. 

Fortunately,  we  have  the  promise  of  an  effective  antitoxin  against  B. 
Welchii  infection ;  but  though  amputations  for  gas  infections  may  become  as 
rare  as  tracheotomies  in  diphtheria,  and  many  of  these  disastrous  gas-bacillus 
infections  of  the  brain  may  be  controlled,  we  nevertheless  will  have  to  employ 
a  no  less  fastidious  surgical  technique. 


Group  r.— PENETRATING     WOUNDS     WITH     PROJECTILE     AS     WELL     AS 
BONE     FRAGMENTS     LODGED     IN     BRAIN. 

A  still  more  serious  form  of  injury  is  one  in  which  a  missile,  even  though 
not  infective  in  itself,  has  nevertheless  passed  through  soiled  coverings,  with 
every  chance  of  its  inoculating  the  brain  with  infective  material.  In  the 
cases  constituting  the  preceding  section  {Group  IV),  as  we  have  seen,  despite 
the  widely  indriven  bone  fragments,  the  direct  implantation  of  pathogenic 
organisms  along  with  these  fragments  need  not  occur.  However,  since  the 
brain  is  exposed  and  extrudes  in  both  types,  there  is  an  equal  risk  of  surface 
infection — possibly,  indeed,  greater  in  Group  IV,  in  view  of  the  gutter  character 
of  many  of  the  wounds.  In  the  presence  of  a  lodged  projectile,  on  the  other 
hand,  there  is  greater  likelihood  of  a  primary  deep-seated  rather  than  a  surface 
infection. 

In  the  complete  series  of  219  operation  cases,  the  largest  number  fall  in 
this  Group  V,  for  owing  to  the  technical  difficulties  of  the  operations,  and  the 
differences  of  opinion  regarding  the  proper  method  of  conducting  them,  chief 
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attention  was  paid  to  this  particular  type  of  injury.  Some,  indeed,  go  so  far 
as  to  advocate  withholding  operation  altogether,  for  unquestionably  many 
of  the  smaller  implanted  fragments  are  well  tolerated  (cf.  Case  37,  Fig.  537), 
and  such  local  infection  as  may  occur  may  be  successfully  overcome  without 
operative  intervention.*  Indeed,  in  our  series  of  imoperated  cases  there  were 
several  with  a  penetrating  projectile,  all  of  which  have  done  well.  On  the 
other  hand,  these  particular  cases  would  have  done  equally  well  with  a  local 
operation,  and  the  risks  they  took  would  have  been  lessened.  I  have  come 
to  this  opinion,  not  only  because  of  the  numerous  examples  of  abscess  which 
have  developed  in  unoperated  cases  sent  to  the  base,  but  also  because  of  the 
many  instances  in  this  particular  series  in  which  death  occurred  from  a  small 
abscess  at  the  end  of  a  track  which  after  ten  days  or  two  weeks  broke  into 
the  ventricle. 

The  cerebral  lesions  which  may  occur  are  so  multiform  that  I  see  no  way 
of  making  neurological  subdivisions  which  could  be  of  any  value  for  our 
present  purposes.  The  tracks  made  by  the  missile  vary  from  those  a  few 
centimetres  in  depth  to  those  which  completely  traverse  the  brain  without 
emerging ;  or  the  missile  may  rebound  from  the  skull  and  take  a  new  course. 
In  one  brain  which  was  studied,  the  projectile  ricocheted  twice,  making  three 
distinct  tracks  in  different  directions  before  it  lodged.  The  degree  of  trauma 
produced  may  be  promptly  fatal,  or  negligible,  depending  upon  many  elements 
— the  direction  of  the  missile,  its  size,  whether  in  its  course  it  has  injured  a 
blood-vessel  of  any  magnitude,  and  so  on.  These  matters  can  only  be  touched 
upon  here  ;    they  deserve  a  separate  discussion. 

Disregarding  all  other  elements  which  affect  the  prognosis  in  penetrating 
injiu-ies  of  this  type,  and  confining  ourselves  to  the  hazards  of  infection  alone, 
the  cases,  like  those  of  the  foregoing  group,  may  be  divided  into  two  classes  ; 
(a)  Those  in  which  the  ventricle  has  escaped  injury  (41  cases  ;  26  recoveries  ; 
mortality  36-6  per  cent) ;  (h)  Those  in  -which  the  projectile  has  lodged  in  the 
ventricle  or  traversed  it  (16  cases  ;  no  certified  recoveries).  Among  the  recovered 
cases  in  the  (a)  class,  it  is  quite  possible  that  there  were  examples  of 
unidentified  ventricular  penetration  ;  but  that  the  condition  is  a  serious  one 
is  evidenced  by  the  fact  that  the  missile  was  found  lodged  in  the  ventricle, 
or  the  ventricle  penetrated,  in  more  than  half  of  the  fatalities  occurring  in 
this  entire  group. 

For  the  reason  given  in  the  section  dealing  with  Group  IV,  the  cases  ^^^th 
ventricular  penetration,  owing  to  their  more  grave  prognosis,  will  be  detailed 
in  a  later  section  {Group  VI).  However,  apart  from  the  course,  direction, 
and  depth  of  penetration  of  the  projectile,  the  factors  concerned  in  wounds 
of  this  type  are  the  same,  whether  the  ventricle  be  involved  or  not.  Hence, 
from  a  broad  point  of  %'iew,  the  few  facts  relating  to  all  the  wounds  with  a 
projectile  lodged  in  the  brain  will  be  considered  together. 

There  were  57  cases  all  told,  ^vith  31  deaths  :   a  mortality  of  54-3  per  cent. 


*  This  is  comparable  to  saying,  as  was  said  earlier  in  the  war,  that  penetrating  wounds 
of  the  abdomen  sometimes  recover  spontaneously,  therefore  withhold  operation  in  all  cases. 
It  was  with  great  difficulty  that  this  idea  was  supplanted  by  the  view  that  far  more  cases 
would  recover  after  a  properly  conducted  operation  than  if  left  to  their  own  salvation. 
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Site  of  Entrance. — The  external  wounds  were  cerebellar  (i.e.,  suboccipital) 
in  6  cases,  with  1  death  (mortality  16-6  per  cent)  ;  temporal  in  18,  with  6 
deaths,  all  of  the  ventricular  type  (mortality  33-3  per  cent)  ;  frontal  in  11 
cases,  with  6  deaths,  one  ventricular  (mortality  54-5  per  cent) ;  occipital  in 
7  cases,  with  5  deaths,  one  of  them  ventricular  (mortality  71-4  per  cent)  ; 
parietal,  including  wounds  of  the  vertex,  in  14  cases,  with  12  deaths,  six 
of  them  ventricular  (mortality  85-7  per  cent). 

In  Group  IV,  as  may  be  recalled,  there  was  a  great  predominance  of 
parietal  wounds  (22  cases)  over  temporal  ones  (1  case),  whereas  these  figures 
for  Group  V  show  a  corresponding  predominance  of  temporal  wounds.  More- 
over, the  prognosis  of  the  temporal  woimds  would  seem  to  be  infinitely  better, 
for  12  of  the  26  recoveries  in  the  series  were  in  temporal  cases — indeed  all  of 
the  temporal  cases,  excluding  the  six  with  ventricular  penetration,  recovered  ; 
whereas,  in  contrast,  out  of  10  parietal  cases,  only  2  recovered. 

The  penetrating  temporal  and  cerebellar  cases,  in  short,  appear  to  have 
a  far  better  prognosis  than  do  those  with  penetrations  of  the  vault.  It  is 
difficult  to  account  for  this,  unless  one  may  assume  that  a  projectile  with 
sufficient  velocity  to  penetrate  helmet  as  well  as  skull  would  kill  in  the  unpro- 
tected temporal  or  suboccipital  regions,  and  that  the  penetrations  with  small 
projectiles  so  commonly  seen  in  these  regions  would  not  occur  if  the  parts 
were  protected  by  the  helmet. 

Type  of  Wound. — With  but  few  exceptions,  all  have  been  of  the  direct 
penetrating  variety,  with  relatively  small  scalp  wounds.  Despite  the  tendency 
to  radiating  meridional  fissures,  the  extent  of  which  depends  largely  upon 
the  size  of  the  projectile,  the  physical  pe(^uliarities  of  the  individual  skull, 
and  the  anatomical  seat  of  impact,  the  cranial  injury,  like  the  scalp  wound, 
is  less  difficult  to  deal  with  than  the  large  gutter  wounds  characterizing  the 
preceding  Group  IV.  By  the  external  appearances  alone,  therefore,  one  may 
be  easily  misled  into  giving  a  favourable  prognosis  in  these  cases  in  the  early 
hours  or  days  after  the  injury. 

Helation  to  the  Helmet. — In  the  21  cases  from  which  a  history  could  be 
obtained,  the  helmet,  according  to  the  patients'  statements,  was  being  worn 
in  all  but  one  instance  ;  in  one  or  two  others  it  had  been  blown  off  by  a  shell 
explosion,  whether  before  or  at  the  moment  of  receiving  the  wound  is  not 
clear.  A  definite  history  ot  penetration  was  given  in  six  cases,  and  in  a  few 
others  penetration  was  certified  by  finding  bits  of  helmet  ;  but  what  is  more 
important,  in  29  the  projectile  was  either  known  or,  from  the  situation  of 
the  wound,  may  be  supposed  to  have  passed  under  the  helmet. 

It  has  been  found  on  careful  examination  of  the  shell  fragments  removed 
at  operation  or  autopsy,  that  many  of  them  exhibit  rubbed  or  burnished 
sides,  edges,  or  angles,  a  condition  which  in  all  probability  was  produced  by 
the  passage  through  the  helmet.  This  is  the  more  likely,  since  the  projectiles 
from  patients  not  wearing  their  helmets,  and  those  known  to  have  passed 
underneath,  do  not  show  these  smoothed  surfaces.  This  has  made  it  possible 
to  correct  the  hearsay  records  of  the  qu£stionnaire,  and  to  state  with  some 
assurance  that  in  25  of  the  57  cases  the  missile  had  penetrated  the  helmet. 

Condition  on  Admission. — A  large  number  of  the  patients  (35  out  of  the 
57)  were  in  such  a  condition  that  no  history  coiild  be  elicited,  and  of  these 
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35  cases  29  died.  From  this  it  would  appear  that  only  six  patients,  about  1 
in  6,  who  were  admitted  in  an  imconscious  or  a  stuporous  state,  with  a 
projectile  lodged  in  the  brain,  recovered  after  operative  intervention.  On 
the  other  hand,  only  one  of  the  patients  {Case  1)  out  of  the  21  who  were 
sufficiently  conscious  to  give  some  account  of  themselves  on  admission, 
succimibed. 

There  was  more  than  one  cranial  injury  in  5  of  the  recovered  cases,  and 
in  9  of  the  fatal  cases.  There  were  complicating  wounds  elsewhere  of  a 
comparatively  mild  character  in  2  cases,  and  of  a  severe  character  in  7  cases. 
These  multiple  wounds  were  unquestionably  responsible  for  the  fatalities  in  at 
least  four  instances. 

The  Projectile. — The  missile,  so  far  as  ascertained  in  the  57  cases,  and  certi- 
fied by  operation  or  autopsy,  was  a  shell  or  bomb  fragment  in  48,  a  shrapnel 
ball  in  2,  the  casing  of  a  rifle  ball  in  1,  the  fragment  of  a  helmet  in  1.  The 
lodged  fragments  were  single  in  41  cases,  multiple  in  15. 

The  missile  was  removed  in  22  cases,  12  of  them  with  the  magnet  and  nail 
in  the  manner  elsewhere  described.  In  35  cases  it  was  not  removed  :  either 
no  effort  was  made  to  extract  it,  owing  to  its  small  size  or  inaccessibility  (21 
cases) ;  or  the  effort  was  abandoned,  as  persistence  in  this  direction  was 
regarded  as  more  likely  to  endanger  the  ultimate  prognosis  than  leaving  the 
fragment  in  position. 

The  mortality  in  the  35  cases  with  retained  missile  (13  ventricular)  was 
60  per  cent ;  in  the  22  cases  with  extracted  missile  (4  ventricular)  it  was 
31-8  per  cent.  There  are  of  course  many  obvious  factors  affecting  these 
results.  For  example,  the  irremovable  fragments  are  apt  to  lie  deeper  and 
to  have  caused  more  damage  ;  on  the  other  hand,  they  are  often  very  small, 
and  well  tolerated.  Infection,  however,  plays  the  chief  role  in  the  mortality 
of  the  cases  which  have  survived  to  reach  the  casualty  clearing  station. 
Comparatively  few  of  the  penetrating  cases  died  early  from  the  compression 
effects  of  the  cerebral  injury  before  the  period  of  superimposed  infection. 

The  size  of  the  projectile  is  an  important  element.  The  largest  fragment, 
which  penetrated  the  helmet  and  lodged,  weighed  46  grm.,  the  smallest  less 
than  \  grm.     The  smaller  fragments,  naturally,  are  far  more  commonly  seen. 

One  can  usually  tell,  by  comparing  the  missile  and  the  cranial  defect  in 
the  trepanation  blocks,  in  just  what  position  the  projectile  entered  the  skull  ; 
and  what  is  perhaps  less  well  known,  one  can  tell  by  the  burnished  or  rubbed 
surface  of  the  fragment  in  just  what  position  it  passed  through  the  helmet. 
As  we  shall  see,  some  of  the  examples  of  multiple  projectiles  (e.g.,  Case  52, 
Fig.  559)  are  accounted  for  by  the  shell  fragment  having  been  split  on  its 
passage  through  the  tough  helmet. 

It  is  regrettable  that  cultures  were  not  taken  in  all  instances,  but  circum- 
stances hardly  permitted  of  this.  The  impression  is  abroad  that  the  foreign 
bodies  are  commonly  found  sterile.  The  several  projectiles  of  which  cultures 
were  made  by  Dr.  Leitch  after  operative  removal  all  showed  organisms  of 
greater  or  less  pathogenicity.     It  is  a  matter  which  deserves  further  study. 

A  few  selected  histories  will  illustrate  some  of  these  points.  The  temporal 
cases,  being  the  most  numerous,  may  receive  first  consideration.  The  follow- 
ing is  an  example  of  a  trifling  wound  of  penetration  of  the  type  which  doubtless 
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may  oftcMi  recover  by  itself,  as  in  Case  37  cited  in  the  preceding  group.  The 
man  had  multiple  woiuids,  all  imder  the  level  of  the  helmet — one  of  the 
eyebrow,  which  was  supposed  to  be  the  woimd  of  entrance  for  the  small 
intracranial  fragment  disclosed  by  the  x  rays.  Not  until  the  blood-encrusted 
scalp  was  shaved  was  the  woimd  in  the  temporal  region  disclosed. 


Case  45. — L.-Cpl.  G.  B.  (Serial  No.  43).  Multiple  wounds.  Minute  shell  frag- 
ment penetrating  from  right  temporal-  region  to  the  opposite  hemisphere.  Magnet 
extraction.    Recovery. 

Admission,  Aug.  11,  1917,  3.45  p.m. — Wounded  while  wearing  helmet  on  morn- 
ing of  Aug.  10  ;  unconscious  ;  lying  out  for  twenty-four  hours  ;  made  his  own  way 
back  to  dressing  station  this  morning.  In  good  general  condition  ;  headache  ; 
apathy  ;    no  vomiting. 

Wounds. — Multiple,  of  head  {Fig.  545)  :  (1)  Severe  wound  of  right  brow  of 
gutter  type,  no  brain  extruding ;  (2)  Transverse  tear  of  lower  lip  and  chin,  with  loss 

of  substance  ;  (3)  Penetrating 
wound  over  angle  of  jaw,  with 
fracture  ;  (4)  Minute  puncture 
in  right  temporal — not  disclosed 
until  head  shaved,  X-ray  re- 
port :  "  Small  intracranial  pro- 
jectile in  left  hemisphere." 

Operation,  5  p.m.  {circa  36 
hours). — Ether.  Supposed  wound 
of  entrance  over  brow  found  to 
be  a  scalp  wound  ;  excised  ; 
closed.  On  pressing  temporal 
muscle,  brain  substance  extruded 
from  small  punctured  wound  ; 
flap  reflected,  disclosing  pene- 
trating wound  and  bleeding 
meningeal  vessel  ;  trepanation  ; 
dura  found  punctured,  with 
bleeding  artery  at  margin  ;  cath- 
eter enters  track  10  cm  ;  nail  inserted  ;  magnet  extraction  of  minute  0-12-grm. 
missile  {Fig.  545m)  ;  partial  closure,  with  gutta-percha  drain.  Wound  in  jaw  passes 
across  throat,  where  large  12-5-grm.  projectile,  portion  of  detonator,  was  found 
lodged  behind  opposite  angle  of  jaw.  Lip  wound  loosely  closed  over  Morison's  paste.. 
Subsequent  Notes. — -Temperature  normal.  No  untoward  symptoms  ;  perfect 
healing  of  cranial  wound  ;  others  in  good  condition.  Evacuated  tenth  day.  No 
later  report. 

The  disclosure  in  this  case  of  injured  meningeal  and  cortical  vessels  shows 
how  important  it  may  be  to  investigate  the  underlying  conditions  in  wounds 
over  the  Sylvian  area,  even  when  the  wound  of  penetration  may  seem  trifling. 
Favourable  as  they  hav^e  proved  to  be,  one  cannot  belittle  these  temporal 
operations,  however,  for  they  arc  often  very  troublesome,  owing  to  bleeding, 
which  may  be  started  afresh  by  the  trepanation. 

It  is  in  the  temporal  region  that  one  may  with  advantage  employ  flap 
operations,  for,  owing  to  the  thickness  of  the  muscle,  proper  exposure  without 
excessive  damage  to  the  fibres  may  otherwise  be  difficult  to  secure.  On 
replacing  the  flap,  a  single  wick  of  gutta-percha  tissue  passed  through  the 
wound  of  entrance  is  usually  all  that  is  ;iecessary,  and  excision  of  the  scalp 
wound  has  rarely  been  practised. 


Fig.  545. — Case  45.  Diagram  to  show  situation  of 
wounds:  cranial  penetration  below  helmet  by  0"12-grm. 
missile  (M)  (natural  size). 


STUDY    OF    BEAIN    WOUNDS 


615 


Fig.  546.— Case  46. 
1-2-grni.    shell    fragment.* 


Showing 
(natural 


size),  and  course  under  helmet. 


Case  46. — -Pte.  J.  D.  (Serial  Xo.  148).  Penetrating  left  temporal  wound,  with 
lodgement  of  t-wro   metal  fragments.     Direct  drainage. 

Admission,  Sept.  27,  1917,  4  a.m. — Xo  history  obtainable  ;  semi-conscious  ; 
pulse  60. 

Wound. — Small,  penetrating,  left  temporal  (cf.  Fig.  546).  X  rays  show  metal 
fragment  5  cm.  in  temporal  lobe. 

Xeurological  Findings.  —  When  roused,  proved 
completely  disoriented  ;  apparent  aphasia.  Possible 
slight  weakness  of  right  face.  Deep  reflexes  active, 
without  clonus. 

Operation,  7  p.m.  (over  15  hours). — Xovocain. 
Temporal  flap  reflected  ;  penetrating  wound  of 
squamous  wing  enlarged,  disclosing  ragged  tear  in 
dura  about  1  by  2  cm.  ;  immediately  a  large  clot 
with  disorganized  brain  substance  and  two  small 
unrubl)ed  bits  of  shell  extruded  themselves  (Fig. 
543).  Cavity  irrigated  and  sucked  ;  dichloramine-T  : 
cigarette  drain  of  gutta-percha  through  unexcised 
wound   of  entraiu-e.     Closure  of  flap. 

Post-operative  Sole.  —  Perfect  healing  ;  sutures 
removed  third  day  (Fig.  547) ;  rapid  return  of  sjjeech  ; 
evacuated  fifth  day  with  normal  temperature. 

Subsetjuent  Reports. — Oct.  18,  Xo.  47  General  Hospital. — Speech  and  mental 
condition  improved  :    evacuated  to  U.K.     Jan.  18,  1918  (by  letter). — "  From  King 

George  Hospital  to 
Convalescent  Auxil- 
iary Hospital,  where 
he  is  at  present,  prac- 
tically free  from  all 
symptoms."  Feb.  1, 
—  Reports  quite 
well :  .some  headache 
in  stooping. 

The  following 
case  shows  that  at 
times  the  more 
simple  straight  in- 
cision in  the  line 
of  mviscle  fibres, 
as  for  a  decompres- 
sion, may  be  pre- 
ferred to  the  flap 
exi^osure,  if  the 
jxjint  of  penetra- 
tion happens  to  be 
sufficiently  near  the 
usual  line  of  in- 
cision for  this  operation.  The  missile  in  this  case  was  somewhat  larger  and' 
the  damage  greater  than  in  the  foregoing. 

Case  47. — Pte.  H.  R.  (Serial  Xo.  186).  Right  temporal  penetration  by  small  shell 
fragment.    Decompression  incision.    Magnet  extraction.    CiUtures    made.    Recovery. 

Admission,  Oct.  13,  1917,  5.20  a.m. — In  good  condition.  Wounded  6  p.m. 
evening  before  ;  wearing  helmet.  Xo  loss  of  consciousness  ;  walked  a  short  distance  j 
headache  and  vomiting  ;   munbness  of  left  arm. 

VOL.   v. NO.  20.  44 


Fig.    547. — Case    40.       Temporal   flap,  third    day,   before    removal    of 
sutures  ;    drain  in  wound  of  entrance. 
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Neurological    Findings. 


Wound. — Penetrating  variety,   right  temporal.     X-ray  report  :    "  Foreign  body 
in  right  temporal  lobe."' 

-Slight    left    facial    weakness  ;     moderate    nystagmus  ; 
otherwise  no  positive  signs. 

Operation,  12  noon  (18  hours). — Novocain.  In 
cision  as  for  subtemporal  decompression  (cf.  Fig. 
54.9),  disclosing  perforation  of  the  bone  low  in  tem- 
poral fossa.  Primary  burr  opening,  with  enlargement 
of  defect.  IMuch  disorganized  brain  with  clots  irri- 
gated and  sucked  from  track,  which  was  5  cm.  in 
dej)th.  Missile  (Fig.  548)  removed  by  magnet  on 
first  trial.  (Cultures  :  B.  proteus  only.)  Wound 
closed,  with  direct  drain. 

Post-operative  (^'o?/rse.  — Uneventful  ;  perfect 
wound  healing  (Fig.  549)  ;  highest  temperature  99°. 
Evacuated  ninth  day. 

Subsequent    Reports. — Oct.  22,    No.    14    General 
Hospital. — Condition  normal  ;    no  headache.     Evac 
uated  to  England.     Feb.  13,  1918  (by  letter).— Was 
kept  in  bed  for  two  months  owing  to  dizziness ;   drum  of  right  ear  found  perforated ; 
gets  headaches  if  too  active  ;  in  S..4.  Military  Hospital,  Richmond. 


Fig.  548. — Case  47.  Showing 
2-grrn.  shell  fragment  (natural 
size),  and  course  under  helmet. 


A  slightly  more 
severe  type  is  the 
I'ollowing,  with  a 
wound  sufficiently 
high  and  of  such 
size  as  to  favour  a 
tripod  incision  with 
block  trepanation. 
The  penetration 
was  deep  enough 
and  the  damage 
severe  enough  to 
injure  the  geniculo- 
calcarinc  pathway. 
The  square  missile 
had  punched  .^  its 
way  through  the 
squamous  wing  and 
carried  the  bone 
fragment  with  it. 


Fig.    549.     Case   47. 


Subtemporal    incision,    third   day  ;    wound   of 
entrance   opposite   pinna. 


Case  48. — Pte.  J.  W.  (Serial  No.  165).  Penetrating  right  parieto-temporal 
■wound:  shell  fragment.  Contralateral  palsies ;  homonymous  hemianopsia;  epilepsy. 
Recovery. 

Admission,  Oct.  3,  1917,  5  a.m. — Wounded  previous  evening  ;  shell  explosion  ; 
missile  went  under  helmet ;  temporary  unconsciousness  ;  tried  to  walk,  and  found 
left  side  weak. 

General  Condition. — Fair  ;    pulse  68  ;    headache. 

Wound  (Fig.  550). — Penetrating  variety,  3  cm.  above  right  pinna  ;  brain  extrud- 
ing.    .X"-ray  rep>ort  :    "  Fracture  of  squamous  bone  ;   large  missile  5  cm.  deep." 

Neurological  Findir^s. — Weakness  of  left  face  and  arm  :    tongue  to  left  ;    left 
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t  entrance. 


homonymous   hemianopsia;     Deep   reflexes  :     left   active,   with   positive    Babinski  : 

right  barely  elicited. 
Operation,  2  p.m. 

(circa    18    hours).  ^ — 

Novocain.     Tripod 

incisions  :    reflection 

of  flaps,  expo's ing 

fungus  with  bleeding 

vessels     requiring 

clips,   and   a   square 

punched-out  window 

in    the    squamous 

wing.    Trepanation 

en    bloc    (Fig.    551). 

The    bone    fragment 

corresix)nding     with 

the  defect  lay  at  r^3 

cm.  depth,   and   the 

missile  lx\vond  at   0 

cm.,    resting    on  the 

tentorium.    Attempt 

at  magnet  extraction 

unsuccessful;  re- 
moval with  [duck-bill 

forceps  of  a   5-grm. 

piece  of  copper  driv- 
ing-band   of    a    4-2 

shell.     Toilette  of 

cavity,    with    irriga- 
tion    and     suction  ; 

dichloramine-T ;   closure  without  drainage. 

Post-operative    Course. — Temperature    practically    normal    throughout  :     perfect 

wound  healing ;  sutures  removed 
third  day  (Fig.  552) ;  early  clear- 
ing up  of  upper  quadrants  of 
hemianopic  fields  ;  three  left- 
sided  focal  seizures,  beginning  in 
hand,  on  the  sixth  day ;  improve- 
ment in  left-sided  weakness  ; 
evacuated  on  eleventh  day. 

Subsequent  Reports.  —  Oct. 
22,  No.  18  General  Hospital. — 
In  good  condition  ;  no  alteration 
in  svmptoms ;  evacuated  to  Eng- 
land. Dec.  14  (by  letter).— Dis- 
charged from  army.  "  Free  from 
all  svTiiptoms — quite  well." 

The  other  seven  temporal 
cases,  all  of  which  recovered, 
range  from  those  of  the  above 
tvpe  to  those  with  fragments 
driven  through  to  the  other 
hemisphere  or  to  the  occipital 
lobe.  The  foreign  bodies 
range  np  to  6  grm.  in  weight 


mmH|.-pr|.mjtu,|i,..|,f.,|,,MjM.f|.m^^ 


Fig.  551. — Case  48.  Showing  temporal  block  with 
5-grm.  copper  missile  and  punched-out  bone  fragment 
(natural  size). 
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— none   of   them    very   lai-fre    therefore — none    showing   evidence    of   passage 

through  a  helmet. 
In  three  the  foreign 
body  was  retained. 
The  fovir  fatalities, 
as  stated,  all  oc- 
enrred  in  ventricu- 
lar cases  (ef.  Group 
VI). 

The  cerebellar 
penetrations, 
though  few  in  num- 
ber, were  as  favour- 
able as  the  tem- 
poral ones,  the 
single  fatality  out 
of  the  6  cases  being 
due  to  a  gas  en- 
cephalitis. Like  the 
temporal  cases, 
moreover,  these  are 
suited  to  a  flap 
operation, 
two  of  them  may 


Fig. 


WCunil  oil  third  daw 


The  history  of  the  five  that  survived  is  very  similar 
be  given  in  illustration. 


Case  49. — Pie.  T.  T.  (Serial  No.  172).  Penetrating  suboccipital  wound.  Hemi- 
lateral  flap  exposure  of  cerebellum ;    magnet  extraction  of  missile ;    direct  drain. 

Admission,  Oct.  4,  1917,  10  p.m. — -Wounded  at  10  a.m.,  shell  fragment  passing 
under  helmet ;  temporary  unconsciousness  ;  aroused,  and  walked  back  with  assist- 
ance ;  very  unsteady,"  as  though  drunk  "  ;  right  leg  worse  than  left  ;  very  dizzy  ; 
frequent  vomiting.     General  condition  good. 

Wound. — Penetrating  type  ;  right  sub-occipital  (cf.  Fig.  554).  X-ray  report  : 
"  Missile  4  cm.  deep  below  mastoid  process." 

Neurological  Findings. — Characteristic  right  cerebellar  symptoms  ;  vertical  and 
lateral  nystagmu*?,  coarser  to  right ;  inco-ordina- 
tion,  particularly  of  right  side,  affecting  both 
arms  and  legs,  shown  by  usual  tests.  Deep  re- 
flexes exaggerated,  without  clonus  ;  dorsal  toe- 
response  on  left.     Deafness  in  right  ear.  """ 

Operation,  Oct.  5,  10  a.m.  (24  hours). — 
Novocain  ;  cerebellar  position.  Unilateral  ex- 
posure by  flap,  disclosing  sub-occipital  pe^tra- 
tion  without  radiating  fractures  ;  removal  of 
bone  from  sub-occipital  area  ;  bone  fragments, 
clots,  disorganized  cerebellum  extruded  from 
dural  opening.  Missile  detected  by  catheter  at 
depth  of  5  em, ;  futile  attempt  to  catch  missile  in 
forceps  ;  magnet  extraction,  on  first  attempt,  of 
1'8-grm.  unrubbed  shell  fragment  {Fig.  553). 
(Cultures  gave  abundant  growth  of  an  uniden- 
tified bacillus,  with  cocci.)  Diehloramine-T.  Closure  of  flap ;  direct  drain  through 
track  with  gutta-f>ercha  wick. 


Fio.  653.— C<Me  49.  Showing  1-8- 
grm.  fragment  (natural  size),  and  course 
under  helmet. 
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Post-operative  Course 
and  drain  removed 
third  day  (Fig.  554) : 
healing  by  primary 
union;  cerebellar 
si^inptoms  much  les- 
sened.  Evacuated 
tenth  day. 

Subsequent  Re 
ports. — Oct.  22,  Xo. 
11  Gieneral  Hospital. 
— Some  nystagmus, 
ataxia,  and  headache 
f)ersist  ;  also  right 
deafness.  Good  con- 
dition;  wounds 
solidly  healed.  Evac- 
uated to  England. 

The  following 
case  was  very  simi- 
lar, cultures  of  the 
fragment  showing 
B.  Welchii. 


I'neventful  recovery  ;  highest  temperature  100°  ;   sutures 


% 


49.     Flap  inci.sion.s  on  third  day,  with  wound  of  entrance. 


Case  50. — Pte.  E.  W.  (Serial   Xo.  189).      Penetratinsr  shell    fragment    in    right 
cerebellum.    Magnet  extraction.    Recovery. 

Admission,  Oct.  13,  1917,  2  p.m. — Was  wounded  1  p.m.  previous   day  ;    sitting 


down ;  wearing  helmet  ;  blown  into  air :  imconscious 
back  to  trench  as  too  unsteady  to  walk  ;  verj'  dizzy  ; 
Good  general  condition. 

Wound. — Small  penetrating  tvpe,  right  sub-occipital. 


Fig.  555. — Case  50.     Showing  trepanation  block,  inner  surface  covered 
with  hair  ;    bone  fragments  and  6'3-grm.  miissile  (natural  size). 


recovered,    and    crawled 
nausea  but    no  vomiting. 


X-ray  report  :  '*  Indriven 
bone  and  metal  frag- 
ment." 

Neurological 
Findings.  —  Coarse 
nystagmus,  more 
marked  to  left.  Some 
static  ataxia  ;  very 
little  inco-ordination 
of  arms.  Deep  re- 
flexes exaggerated, 
equal  :  no  clonus  ; 
normal  plantar  re- 
sponses. 

Operation,  5  p.m. 
( 28  hours) .  —  Xo vo- 
cain  ;  cerebellar 
table.  Incisions  for 
unilateral  cerebellar 
flap  procedure  ;  ex- 
posure of  penetration 
in    bone     and    very 


dirty  fungus,  with  masses  of  hair.  Trepanation  en  bloc  (Fig.  555)  to  edge  of  mastoid. 
Duraljpenetration  just  below  lateral  sinus,  which  was  uninjured.  Cerebellar  hemi- 
sphere much  disorganized  ;    many  indriven  fragments  of  bone.      Missile  not  detected 
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by  catheter  ;  extraction  from  bottom  of  cavity  at  5  cm.  depth,  on  first  attempt  with 
magnet,  of  a  G-a-firm.  unburnished  shell  frajyment,  togetlier  with  six  additional  pieces 
of  iiidrivi-n  bone.     I'sual  toilette  of  cavity  ;    dichloramine-T,     Closure  of  flap,  with 

direct  drain  of  gutta- 
pcrcha  introduced 
t  h  r  o  u  jj  h  unexcised 
wound  of  entrance. 
(Cultures  of  missile 
gave  mixed  organ- 
isms, B.  Welchii  pre- 
dominating.) 

Post-operative 
Course.  —  Uninter- 
rupted convales- 
cence ;  sutures  re- 
moved third  day 
{Fig.  556);  perfect 
wound  healing ;  high- 
est temperature  99°  ; 
limibar"'  'puncture 
fourth  day  owing  to 
headache  (culture 
sterile) ;  lessening  of 
neurological  symp- 
toms; evacuation 
eighth  day. 

Subsequent     Re- 
ports . —  Dec.   18, 
Suffolk  Auxiliary 
Hospital. — P  e  r  f  e  c  t 
recovery ;  discharged 
to  command  depot.     Dec.  23  (by  letter  from  home). — Only  complaint  numbness  of 
scalp  owing  to  division  of  sub-occipital  nerves.      Feb.  20,  1918. — On  duty  at  com- 
mand depot ;   in  good  health  ;   some  discomfort  on  stooping. 


Flu.   55(j. — Case  50. 


Operative  incision  on  third  day,  with  wound 
of  entrance. 


The  single  fatality  among  these  simple  cerebellar  penetrations  was  due 
to  a  gas  infection,  and  the  outcome  in  the  case  just  recorded  may  be  regarded 
as  fortunate,  in  view  of  the  cultural  findings  in  a  wound  twenty-four  hours 
old.  Of  the  three  other  cerebellar  recoveries,  in  one  the  missile  (5-grm.  shell 
fragment)  was  removed  as  above  ;  the  other  two  had  small  fragments  which 
were  not  extracted — one  of  them,  a  case  operated  upon  by  Captain  Horrax, 
in  which  the  fourth  ventricle  was  apparently  opened. 

As  has  already  been  stated,  the  fact  that  the  prognosis  in  penetrating 
woimds  from  missiles  passing  under  the  helmet  is  better  than  from  those 
which  pass  through  it,  should  not  be  misread  as  an  argument  against  the 
helmet.  Had  the  helmet  sufficiently  protected  temporal  and  occipital  regions, 
doubtless  many  of  these  penetrations  would  not  have  occurred,  and  wounds 
in  these  situations  from  missiles  having  a  sufficient  velocity  to  have  pene- 
trated a  covering  helmet  would  probably  have  caused  immediate  death  from 
basilar  extravasations.  Conversely,  the  penetrations  traversing  the  helmet, 
which  we  are  now  to  consider,  would  in  all  likelihood  have  been  fatal  had  it 
not  been  worn.     The  results,  as  we  shall  see,  were  far  less  good. 

In  the  7  occipital  penetrations,  there  were  only  2  recoveries.  In  the 
following  example  the  missile,  a  deep-lying  shrapnel  ball,  was  not  recovered. 


STUDY    OF    BKAIX    WOUNDS 


621 


Under  the  impression  that  it  must  be  of  lead,  the  magnet  was  not  employed. 
As  the  .r  rays  showed  it  to  be  nndeformed,  it  was  probably  of  iron,  as  in  the 
ease  re|X)rte(l  in  (imup  III.  Up  to  this  time,  however,  it  has  been  well  toler- 
ated. 

Case  51. — Pte.  L.  W.  (Serial  No.  171).    Left  occipital  shrapnel  penetration,  with 
contralateral  symptoms,  including   hemianopsia  ;     missile    retained.     Recovery. 


early  morning  ;     unconscious  ; 
of  right  side.     General  condi- 


t^ 


Admission,  Oct.  4,  1917,  5  p.m. — Wounded  in 
on  recovery*  walked  short  distance  despite  weakness 
tion  good. 

Wound. — Penetrating,  mid-occipital,  3  cm.  above 
protuberance  ;  brain  extruding.  AT-ray  report :  "  Frac- 
ture with  indriven  bone  and  shrapnel  ball  near  mid- 
line, about  at  top  of  tentorium  ""  (Fig.  557). 

Neurological  Findings. — Right  homonymous  hemi- 
anopsia, and  some  obscuration  over  left  fields  as  well. 
Weakness  of  right  arm,  leg,  and  face,  with  hypa?s- 
thesia.  Deep  reflexes  over-active  ;  no  clonus  ;  normal 
plantar  responses. 

Operation,  Oct.  5, 10  a.m.  (circa  28  hours). — Novo- 
cain     TrliK>d  incision  encircling  wound  :  trepanation  fio.  557.-^a«   51.      Sketch 
en  bloc  ;  dura  penetrated  just  to  left  of  smus.  which      from    j-ray    picture  :     penetrating 
was   uninjured;   track   8  cm.   deep    in    left   occipital     .-ihrapnel  ball, 
lobe,  sucked  clean  :    many  indriven   lx)ne    fragments 

removed.     Ball  palpated  with  catheter;   unsuccessful  attempt  to  extract  by  forceps, 
by  gravity,  by  change   of  position,  and   by  suction  through   fragment  of  stomach- 

tube  introduced 
through  track ;  magnet 
not  tried.  Diehlora- 
mine-T.  Closure  with 
no  drain. 

Post-operative 
Course.— Temperature 
averaging  99="  to  100°  : 
sutures  removed  third 
day ;  right  hemianop- 
sia persisting,  though 
other  right-sided 
s\Tnptoms  subsided. 
Perfect  healing  sixth 
(lay  (Fig.  558).  Evac- 
uated tenth  day. 

Subsequent  Re- 
ports.—  Dec.  18.  4th 
London  General  Hos- 
pital.— Perfect  recov- 
ery aside  from  right 
hemianopsia,  complete 
for  left  eye,  upf)er 
quadrant  alone  for 
right  eye.  Boarded 
out.  Jan.  14,  1918  (by  letter). — In  best  of  health  ;  but  little  trouble  from  hemian- 
opsia ;    no  headaches.     Discharged  from  army  Jan.  7. 

A  shrapnel  ball  is  far  less  likely  to  carry  in  and  implant  infective  material 
than  is  a  jagged  shell  fragment.  Prolonged,  though  ineffectual,  efforts  were 
nevertheless    made  to   extract   the   missile,    o\\ing  to  an    experience  with   an 


Fiu.   558. — Cast  51.      Tripod  inci.sions  ;    sixtli  dav. 
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officer  who  was  seen  in  consultation  six  months  after  he  had  received  a  similar 
injury  resulting  in  hemianopsia.  No  effort  at  extraction  had  been  made  at 
his  original  operation,  and  there  seemed  to  be  no  reason  for  intervention  when 
he  was  seen  ;  but  six  months  later,  following  an  epileptiform  attack,  he  was 
operated  upon  by  another  surgeon,  who  found  and  opened  an  abscess  cavity 
from  which  the  ball  was  removed. 

Generally  speaking,  missiles  which  are  of  this  size  and  weight  (an  iron 
shrapnel  ball  weighs  11-7  grm.)  are  too  large  to  be  left  in  situ  without  at  least 
an  effort  at  removal^ — always  with  the  proviso  that  this  effort  must  not  produce 
further  damage. 

There  were  only  2  recoveries  in  the  16  parietal  cases,  one  of  them  a  simple 
case  with  a  minute  missile  in  the  opposite  hemisphere,  which  was  left  without 
effort  at  extraction.  The  other  was  an  injury  of  more  serious  grade.  This 
case,  the  first  of  the  series,  and  subjected  to  a  most  imperfect  operation, 
nevertheless,  after  many  periods  of  discouragement,  finally  made  a  comj^lete 
recovery. 

Case  52. — Pte.  R.  MacL.  (Serial  No.  1).  Penetrating  wound  of  right  post 
parietal  region.  Massive  fracture  of  skuU.  Cerebral  herniation ;  multiple  foreign 
bodies,  one  of  ^vhich  caused  an   abscess.     Ultimate  recovery,  -with  hemianopsia. 

Admission,  July  23,  1917. — No  history  obtainable  (missile  had  penetrated 
helmet). 

Condition. — Restless  ;  stuporous,  but  can  be  roused  ;  pulse  60,  later  rising  to 
120. 

Wounds.— (1)  Small,  penetrating  type,  in  left  temporal  region  ;  (2)  Large  dirty 
lacerated  wound  to  right  of  mid-line  over  lambda,  with  extensive  escap>e  of  disorgan- 
ized brain  matter  and  widespread  radiating  fissures,  so  that  crepitus  coi.ld  be  felt 
almost  anywhere  over  left  side  of  head.  Marked  dilatation  of  extracranial  vessels  ; 
extravasation  of  blood  and  cerebrospinal  fluid  under  scalp  over  entire  head.  X-ray 
report    (Fi^.    .559)  :    "  Two   metal   fragments,  right   side    of  head,   temporal   region. 

Penetration  of  oecij)ut,  with  extensive  frac- 
tures ;  indriven  bone." 

Neurological  Findings.  —  Fundi  show 
vitreous  haemorrhages  obscuring  disc  on  left ; 
papillcedema  on  right ;  apparently  complete 
loss  of  central  vision.  Apparent  weakness 
of  left  arm.  Deep  reflexes  hyperactive, 
without  clonus.  Normal  plantar,  absent 
cremasteric  and  abdominal  reflexes.  'Pos- 
sible uncinate  lesion  :  when  roused,  com- 
plains of  vile  taste  and  smell. 

Operation  (hours  not  recorded). — Ether. 
(1)   I^ft    temporal   wound  excised  ;    a   few 
Fig.  559.— Case  52      Drawing  of  shell         .  ^^   indriven    lx)ne    puncturing    dura 

fragments,  split   in   two  (natural   size)  ;    also        ^  .        /^^     t»      •    .  •    •.    i  j 

position  of  lodgement  in  brain,  taken  from  removed  ;  (2)  Paneto-occipital  wound  ex- 
a:-ray  picture,  with  lines  of  fracture.  eised  ;    no    treatment    of   track    in    greatly 

disorganized  brain  beyond  removal  of  a  few 
superficial  fragments  of  bone  ;  missile  not  recovered.     Incomplete  closure  ;  drainage. 

A  stormy  convalescence  :  infected  wound  ;  cerebral  hernia  ;  attempted 
Carrelization  of  wound  ;  symptoms  of  abscess,  |)resumably  around  retained  missiles, 
which  stereo  a^-ray  plates  show  in  temporal  lobe. 

Second  Operation,  July  30. — Ether.  Vertical  incision  for  subtemporal  decom- 
pression ;  trepanation  and  oj)ening  of  dura  ;  large  abscess  located  deep  in  lobe 
(cultures  :  diplocoeei  and  coliform  bacilli)  ;  magnet  extraction  of  two  fragments 
{Fig.  559)   from  nose   of  shell — evidently  one   7-2-grm.   fragment  split   in  two   by 
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passage  through  helmet,  as  one  surface  is  highly  smoothed  and  burnished 
(of.  Fig.  562). 

At  the  time,  some  fragments  of  bone  were  removed  from  the  fungus  in  the 
posterior  wound  (cultures  :  diplococci  and  B.  Welchii  in  abundance).  Attempts  to 
CarreHze  wounds  were  persisted  in  ;  sudden  rise  in  temperature  on  Aug.  3  (12th  day) 
to  105'',  with  nystagmus,  profuse  sweating,  involuntaries,  vomiting,  and  collapse, 
which  followed  an  irrigation  in  the  ward  ;  other  upsets  of  the  same  kind  occurred 
on  the   19th  and  31st  days  (Fig.  560). 

To  shorten  the  story  :  the  temporal  abscess  healed  perfectly,  but  the  trouble 
from  the  incompletely  treated  track  kept  up  for  weeks,  with  occasional  discharge 


Fig.  560. — Ccue  52.     Portion  of  temperature  chart. 


of  fragments  of  bone.  By  September  dichloramine-T  was  used  in  the  wound,  and 
gradually  complete  healing  took  place.  Sept.  30  (70th  day). — Evacuated  in  excel- 
lent condition  ;    wounds  healed  ;    persisting  left  homonymous  hemianopsia. 

Subsequent  Reports. — Many,  from  attending  officers  and  patient. — Boarded  out 
from  Northampton  War  Mosp.,  Dec.  17.  Discharged  from  army  three  weeks  later. 
The  hemianopsia  has  been  partly  recovered  from  and  the  fields  have  widened,  though 
^ision  to  the  leit  remains  imperfect  ;  barring  this,  he  regards  himself  as  a  normal 
healthy  man  ;  has  received  his  discharge  and  returned  to  his  occupation  :  no  head- 
aches whatever. 

It  has  been  difficult  to  do  justice 
to  the  complicated  story  of  this  un- 
iinexpected  recovery  after  a  sadly  im- 
perfect original  operation  for  a  serious 
lesion.  A  stormy  post -operative  period 
of  this  sort  was,  alas,  too  common 
among  the  cases  treated  in  the  early 
weeks  of  the  service,  though  usually 
with  a  less  happy  outcome.  There  were 
many  points  of  unusual  interest  which 
space  forbids  touching  upon.  Attention 
may  be  drawn  to  the  abscess  which 
formed  around  the  retained  missile,  and 
to  the  split  missile  itself,  which  showed 
by  its  rubbed  surface  that  it  had  penetrated  the  man's  helmet  (Figs.  561,  562). 

Out  of  12  cases  with  frontal  penetration,  7  died,  four  of  them  in  the  group 


Figs.  561,  562. — Case  52.  Two  fragments 
put  together,  showing  :  Ijc/I. — Unrubbed  sur- 
face ;  Bight.  —  Surface  bumLshed  by  helmet 
penetration. 
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with  ventricular  involvement.  There  is  nothinjr  particularly  noteworthy  about 
the  5  cases  that  recovered.  All  but  one  were  examples  of  a  small  fragment 
or  fragments  deeply  penetrating  and  not  extracted  :  (1st)  orbit  to  mid-brain  ; 
(2nd)  multiple  small  scattered  fragments  ;  (3rd  and  4th)  crossing  through 
falx  and  lying  deep  in  the  opjiosite  hemisphere  ;  (5th)  traversing  to  occipital 
lobe.  The  operation  in  each  was  restricted  to  a  small  trepanation  en  bloc, 
with  removal  of  bone  fragments,  toilette  of  the  track,  and  closure  of  the 
wound.  Frontal  cases,  as  we  shall  see,  of  an  entirely  different  order  from 
these,  are  common  among  the  fatal  eases  in  this  and  also  in  a  later  section 
{Group  VIII). 

The  Fatal  Cases. — The  single  fatality  in  the  6  cerebellar  eases  occurred 
as  follows. 

Case  53.— Rfm.  J.  V.  (Serial  No.  47). 

Aug.  12,  1917. — Semi-conscious  ;  severe  multiple  wounds  of  arm  and  thigh. 
Penetration  of  skull  behind  left  mastoid,  under  helmet  ;    brain  extruding.     X  rays 

show  large  foreign  body  about 
at  vermis  of  cerebellum.  Ataxia 
and  nystagmus. 

I'sual  cerebellar  exposure 
(ef.  Fig.  .556).  Catheter  enters 
track  to  depth  of  4  in.  Magnet 
extraction  of  foul-smelling  7- 
orm.  missile  {Fig.  563),  on  first 
trial.  Imperfect  toilette  of  track. 
Closure,  with  gutta-percha  drain 
through  track.  Patient  restless, 
requiring  morphia.  Death,  24 
hours. 

Extensive     gas     infection, 
Fio.  503.— Cflwe  53.    Missile,  7-grm.  (natural  size),  spreading  through  entire  brain, 

situation  accordmg  to  ^-ray  plates.  ^.^^^    evidences    of    widespread 

cerebellar  contusion. 

A  shell  fragment  of  this  size  demands  removal,  and  is  almost  certain  to 
implant  infective  material.  The  case  was  operated  upon  before  we  came  to 
adopt  a  satisfactory  method  for  track  cleansing. 

The  4  fatal  temporal  cases  all  fall  in  the  ventricular  group,  and  will  be 
described  in  the  following  section. 

Brief  notes  of  the  4  fatalities  from  occipital  wounds  follow,  all  of  them, 
like  Case  53,  associated  with  sepsis  arising  from  a  soiled  and  incompletely 
cleaned  track.  The  first  was  a  case  early  in  the  series,  with  an  inadequate 
toilette  of  the  disorganized  brain,  and  with  the  common  sequel — an  abscess 
about  the  foreign  body,  minute  though  it  was. 

Case  54.-  L.-Cpl.  C.  L.  (Serial  No.  20). 

Aug.  2,  1917. — Multiple  wounds  of  scalp  and  extremities  ;  penetrating  wound 
of  left  occiput,  brain  extruding.     Pulse  130.     No  a;-ray  examination.     Aphasia. 

Operation  (circa  12  hours). — Excision  of  scalp  wound  and  bone  area  ;  closure, 
with  small  drain. 

Aug.  4. — Wounds  infected.  Carrel-Dakin  treatment.  Aug.  5. — Meningitis,  and 
death  the  following  day. 

Autopsy. — leptomeningitis.     Gas  abscess  in  occipital  lobe,  with  infected  track 
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leading  to  opposite  cuneus,  where  lay  a  minute  0-1 -grm.  projectile  of  undetermined 
nature  (?  helmet)  {Fig.  564). 

Another  fairly  early  and  imperfectly  treated  occipital  case,  resulting  in 
a  spreading  encephalitis,  follows. 


Fig.   5C4. — Case  54.     Showinj;   0-|-pnn.  frag- 
ment  (natural  size),  and  its  track. 


Fig.   565. — Case    55.      Showing    3-prm.    fi-ag- 
ment   (natural  size),  and  its  path. 


Case  55. — Rfm.  J.  W.  (Serial  Xo.  51). 

.Aug.  14,  1917. — Case  lying  out  4^  hours.  Penetrating  wound  of  mid-occipital 
region  ;  brain  extruding.  A'-ray  report  :  *'  Extensive  linear  fractures  of  occiput  ; 
projectile  near  mid-line  of  parieto-frontal  region.     Complete  central  blindness.' 

Operation. — Novocain.  Closure  by  flap  plastic,  after  excision  of  fungus  and 
partial  cleansing  by  irrigation  of  disorganized  right  occipital  lobe. 

Aug.  19. — .Apparently  doing  well.  Xo  especial  elevation  of  temperature. 
Vision  to  right  has  returned.  Wound  bulging  slightly  :  ojiened,  with  escape  of 
stinking  cerebral  substance,  gas  bubbles,  and  lx)ne  fragments.  Carrel-Dakin  treat- 
ment. Aug.  20. — .An  enormous  fungus,  largely  blood-clot  with  bleeding  surface,  has 
developed.     .Aug.  24. — Death. 

Autopsy. — Entire  right  occipital  lobe  a  disintegrating  mass  of  softened  brain, 
almost  abscess-like  in  its  consistency.  The  track  traverses  the  hemisphere,  and  the 
missile,  a  3-grm.  shell  fragment  with  rubbed  surface  (Fig.  565),  is  found  near  the 
falx  in  the  frontal  lobe. 

In  the  next  fatality,  death  was  likewise  due  to  infection  from  a  track  in 
which  soiled  bone  fragments  remained. 

Case  56.— Pte.  E.  G.  B.  (Serial  Xo.  196). 

Oct.  20,  1917. — H.  E.  shell-fragment,  penetrating  helmet ;  entered  right  occiput. 
Brain  extruding.     Left  homonymous  hemianopsia. 

Operation  (12  hours). — Xovocain.  Gutter  wound,  occipito-parietal  suture  (Figs. 
566-568),  with  two  tracks  :  one  inward  toward  the  falx.  with  many  fragments  of 
bone,  at  5  cm.  depth  ;  four  fragments  removed  (cultures  :  streptococci).  .Another 
track  directly  forward  for  7  cm.,  and  4-grm.  projectile  (Fig.  567)  removed  from  dej>th 
by  magnet   (culture  :    B.  perfri ngens) .     Dichloramine-T.     Closure  without   drain. 

Oct.  21. — Wound  re-opened  :  acute  cerebritis.  Track  suction,  with  recovery  of 
additional  bone  fragments  (streptococci  on  culture).  Drainage.  Fungus  cerebri. 
Death,  7th  day. 

Autopsy. — Streptococcus  meningitis  :  sinus  thrombosis  ;  ventriculitis.  Track 
of  missile  communicates  with  infected  ventricle — probably  recent   communication. 

The  last  of  these  four  fatal  cases  appeared  to  be  on  the  road  to  recovery, 
after  a  mild  local  infection,  when  an  acute  tetanus  ended  the  stor}-.  In  addition 
to  his  occipital  penetration,  there  was  a  cervical  wound  which  had  severed  his 
sternomastoid  muscle  with  the  spinal  accessory  nerve  and  lower  branch  of 
the  facial. 
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Case  57.— Pte.  A.  F.  (Serial  No.  194). 

Sept.  19,  1917. — Multiple  wounds  of  neck,  arm,  and  leg,  with  penetrating  wound 
of  left  occiput.  Unconscious  ;  no  demonstrable  local  symptoms  ;  two  foreign  bodies, 
one  supposed  to  be  shrapnel  ball. 


1 1 ;  1.  i*  i.  ■  1 1 .  r,  i]Trn-.TrnTiT|17ITr  m      'nii-'iMiiitiMimiiitnimi,      iiiiillliiiillill)ii;imiiii||li!l|llll 

i   '7!   '81' 9    '1     18|   '41   '51  '   'fil   '7l  '8l   I9I 


Figs.  566,  .507,  568. — Case   66.     Showing  outer  and   inner   aspect   of    bone  disc  at  occipito- 
parietal suture,  with  rubbed  4-grm.  missile  and  bone  fragments  (natural  size). 

Operation  (after  17  hours). — Novocain.  Sargent's  flap  procedure.  Entry  under 
helmet  (?)  of  heavy  18-grm.  missile  {Fig.  569)  just  above  lateral  sinus  ;  the  F.B. 
found  lying  high  on  tentorium,  and  extracted  ;  usual  wound  toilette,  with  closure 
of  opening  in  galea  and  lateral  drains. 

Sept.  21. — Wound  infected,  necessitating  re-opening  on  second  day  (li.perfrin- 
gens).     Suction  treatment  ;  dichloramine-T.     Temperature  104°.     Lumbar  puncture  : 


Fio.   569. — Case  57.     Showing  projectile 
(natural  size),  and  course. 
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Fig.  570.      Temperature  chart  of  Case  57. 


fluid  normal  ;  no  growth  on  cultures.  Sept.  25. — Temperature  normal  ;  wound 
cleaning  rapidly.  Sept.  29. — Temperature  continues  normal  (Fig.  570),  but  there 
is  some  stiffness  of  jaws,  increasing  rapidly  during  day,  despite  intrathecal  antitoxic 
serum  ;  trismus  ;  opisthotonos ;  tetanic  convulsions.  Death  from  respiratory 
paralysis  in  12  hours. 

Autopsi/. — Track  of  missile   found  communicating  with  posterior  horn  of  left 
ventricle,  which  was  full  of  thick  pus. 
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Judging  from  his  satisfactory  general  condition  and  normal  temperature 
(cf.  Fig.  570),  this  patient  was  thought  to  be  out  of  danger  as  regards  his 
wound  infection,  so  that  the  post-mortem  disclosure  of  an  infected  ventricle 
was  a  great  surprise.  No  cultures  were  taken,  and  the  pus  may  have  been 
sterile.  He  had  received  an  initial  injection  of  750  imits  of  antitoxic  serum, 
and  no  second  injection  had  been  given.  Death  was  unmistakably  due  to 
tetanus  of  the  acute  bulbar  type,  |X)ssibly  from  an  entry  of  toxin  by  way  of 
the  divided  seventh  and  ninth  cranial  nerves  in  the  deep  cervical  woimd. 

As  stated,  the  cases  with  parietal  penetration  showed  by  far  the  highest 
mortality,  for  even  excluding  the  six  ventricular  cases,  there  were  8  deaths,  with 
only  2  recoveries.  One  of  the  fatal  cases  (Serial  No.  7)  was  cited  in  the  intro- 
ductory note  as  an  example  of  the  early  surgical  failures  :  for  only  three  of 
the  first  ten  cases  in  the  series  with  dural  penetration  recovered,  and  five 
fatal  parietal  cases  occurred  in  the  first  two  weeks  of  the  service,  before  our 
technical  measures  had  been  perfected.  This  element  must  be  taken  into 
consideration  in  pointing  out  the  supjKJsed  unfavourability  of  these  parietal 
penetrations. 

The  first  case  died  from  ha'mor- 
rhage    around    the     brain    stem,    as     "*v 
follows. 

Case  58.— Sgt.  J.  C.  (Serial  No.  8). 

July  29,  1917. — Unconscious,  with 
actively  bleeding  left  posterior  parietal 
penetration. 

Operation. — Bleeding  vessel  on  cortex 
clipped.  Respiratory  failure  four  hours 
later. 

Autopsy. — A  6*5-grm.  shell  fragment 
with  burnished  corners  had  jienetrated 
the  pons  and  cerebellum,  and  lay  in  the 
opposite    posterior    fossa,   where    extensive  hsemorrhage  had  occurred  {Fig.   571). 


Fig.  571.- 


Case  58.     Showing  projectile  (natural 
size),  and  course. 


The  next  case  is  more  typical  of  these  older  histories.     It  is  one  of  the 
four  in  the  entire  series  that  died  after  evacuation.     The  man  was  sent  down 
doing  well  after  three  weeks,  but  with  a  small  fungus, 
and  died  in  England  three  months  later. 


Case  59.— Pte.  E.  F.  (Serial  No.  23). 

Aug.  1,  1917. — Left  mid-Rolandic  penetration  by  shell 
fragment  :  brain  extruding.  I-.ying  out  30  hours.  Stupor- 
ous ;    right  hemiplegia   and  aphasia,  with  facial  epilepsy. 

Operation.  —  Incomplete  cleansing  of  track,  though 
small  3-grm.  projectile  was  removed  {Fig.  572).  Closure. 
Wound  opened  third  day  owing  to  sepsis.  Eusol  irriga- 
tion. 

Evacuated  21st  day  in  good  condition,  with  small 
clean  healing  fungus.  Secondary  operation  in  England  for 
abscess,  followed  by  meningitis  and  death  on  Oct.  30. 


Mup^|,.„|ij^jun 


3-grm.  projectile  with 
polished  edge  (natural 
size). 


\Vc   come  to  another  familiar    sequel    of    an   im- 
perfectly treated  case — namely,  rupture  of  an  abscess  into  the  ventricle. 
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Case  60.— Pte.  J.  S.  (Serial  No.  26). 

Aug.  1,  1917. — Raffled  wound  of  entry,  left  fronto-parietal  region,  with  multiple 
wounds  of  shoulder  and  leg.     X  rays  show  two  fragments  deep  in  brain.     Aphasia. 

Operation  (24  hours). — Incomplete  toilette  of 
pulped  brain  ;  su|)erflcial  missile  removed.   Closure. 

Condition  excellent  for  two  weeks  ;  external 
woimd  healed  per  primam.  About  to  he  evacu- 
ated. Aug.  16. — Sudden  upset,  with  headaches, 
slow  pulse,  choked  disc,  dilated  pupils ;  tempera- 
ture remains  normal.  Wound  re-opened,  and  two 
pieces  of  bone  recovered  from  track  (cultures 
show  pneumoeoceus).  Death  in  24  hours  (15th 
day). 

Autopsy. — ^Abscess  containing  small  0-7-grm. 
shell  fragment  and  one  bone  fragment  {Fig.  573), 
with  rupture  into  ventricle.  No  leptomeningitis. 
Missile  showed  burnished  surface. 


Fig.  573. — Case  00.  OT-gini. 
projectile  (natural  size),  with  ab- 
scess rupturing  into  ventricle. 


area  ; 


Another  example  from  early  in  the  series  with  insufTieient  wound  treat- 
ment follows. 

Case  61.— L.-Cpl.  W.  I.  (Serial  No.  33). 

Aug.  3,  1917. — Lying-out  case  ;   maggoty  wounds  over  left  upper  Rolandic 
brain  extruding.     Right  hemiplegia.     X  rays  show 
two  defects  in  vault,  and  missile  in  left  temporal 
lobe,  near  base  of  skull. 

Operation. — Wounds  excised  ;  some  bone  frag- 
ments removed  from  brain  :  track  irrigated.  Flaj) 
closure. 

Wound  sepsis,  with  fungus  diflicidt  to  treat 
under  flap  ;   eusol  dressings.     Death  6th  day. 

Autopsy. — General  basilar  meningitis.  Track 
through  the  left  hemisphere  to  temporal  lolx'  : 
a  1'9-grm.  missile  (Fig.  574)  lying  free  in  temporal 
fossa  (small  shell  fragment  with  highly  burnished 
surface  and  angles). 


The  following  shows  how  a  very  severe 
traimia  with  an  ajioplectic  effect  may  be  pro- 
duced bv  a  verv  minute  fragment  of  shell. 


Fig.  574. — Case  (il.  1-9-grm. 
projectile  (natural  size),  traversing 
hemisphere. 


Case  62.— Pte.  G.  W.  J.  (Serial  No.  110). 

Sept.  9,  1917.-— Deeply  unconscious  ;    pulse  112  ;    penetration  in  the  left   lower 

parietal  region.     A'  rays  show  F.B.  on  opposite 
•side  near  ski«ll. 

Operation  (2  4  hours). — Novocain. 
Thorough  toilette,  and  removal  of  many  large 
clots  from  track  in  left  hemisphere  down  to 
falx,  which  blocks  catheter. 

Consciousness  not  regained  ;  marked  rise 
in  temixjrature.  l^umbar  puncture  :  bloody 
fluid,  sterile  on  culture.     Death  after  48  hours. 

Autopsy.  —  Track  from  left  precentral 
gyrus  across  brain,  grazing  falx,  to  right 
angular  gyrus,  where  small  0-4-grm.  shell 
fragment  {Fig.  575)  lies  1  cm.  from  surface. 
Extensive  clot  from  injured  vessels  in  great 
fissure  fills  track  in  right  hemisphere.  Ven- 
Extensive  thrombosis  of  sinuses. 


Fig.  575.-  -Case  i'>2.  Kxten.sive 
damage  from  small  0*4-grm.  missile 
in  course  throuch  brain. 


trifles  free.     No  meningitis. 


STUDY    OF    BRAIX    WOUNDS 


629 


Figs.  57(5,  577.— C'ose  03.  Showing  (slightly 
enlarged)  three  fragment.s  A.  B,  and  C  (cf.  Fig.  578), 
fitted  together  as  in  original  inLwile.  Fig.  57B. 
— Unbumished  surface  with  penetrating  fragment 
A  ;  f^Fig.  577. — Burnished  surface. 


A  bilateral  oi>eration  should  doubtless  have  been  performed,  with  removal 
of  the  large  clot  and  treatment  of  the  track  in  the  right  hemisphere  as  had 
been  done  in  the  left. 

In  the  next  case,  a  left  pari- 
etal jienetration,  the  chief  interest 
lies  in  the  behaviour  of  the  pro- 
jectile, which  proves  to  have  been 
a  shell  fragment  of  7  gmi.  which 
penetrated  the  helmet  and  split 
into  three  fragments  (cf.  Case  52) ; 
two  of  them  were  deflected  into 
the  left  temjwral  fossa  without 
cranial  injury;  the  third,  a  1-5- 
grm.  piece,  traversed  the  entire 
brain  and  lay  in  the  posterior 
cerebellar  fossa.  This  fragment 
was  not  burnished,  whereas  the 
other  two  had  a  smoothly-rubbed 
surface  evidencing  a  helmet  pene- 
tration. Not  luitil  it  was  observed  that  the  fragments  fitted  perfectly 
together  was  this  explained,  for  the  bit  which  traversed  the  cerebrum  con- 
stituted the  side  of  the  original  piece  away  from  the  surface  of  impaction 
(cf.  Figs.  576.  577.  578). 

Case  63.— Pte.  B.  B.  (Serial  No.  161). 

Sept.  30.  1917. — Deeply  unconscious.     Two  cranial  woimds :  one,  severe  gutter 

tyjie  of  left  tem|K)raI  region  ;  the  other,  penetrating  tj-pe  of  right  parietal.     X  rays 

show  one  missile  in  pos- 
terior fossa  of  skuJI,  and 
two  fragments  supposedly 
in  the  temporal  lobe. 

Operation . —  Temporal 
wound  proved  superficial  : 
no  fracture  ;  two  fragments 
(5-5  grm.)  removed  from 
deep  in  temporal  fossa. 
Penetrating  wound  drain- 
ed ;  no  attempt  at  missile 
extraction  :  dichloramine- 
T. 

Post-operative  Course. 
- — Epilepsy ;  wound  opened 
4th  day  ;  cultures  sterile. 
Very  little  improvement 
in  condition.  Death  on 
6th  day. 
Autopsy. — Extensive    subdural    clots    over    right    cerebral    hemisphere    and    in 

cerebellar  fossa.     Track  passes  (Fig.  578)  through  tentorium  to  cerel)ellimi,  where 

a  1-5-grm.  fragment  of  the  original  missile  lies  in  a  clot  near  lower  surface  of  lobe. 

No  meningitis. 

One  may  be  very  much  deluded  by  the  apparent  well-being  of  a  imtient 
and  by  the  excellent  apiiearancc  of  the  outer  wound,  and  so  regard  the  case 


Fig,  578. — Case  63. — Showing  three  missiles  (natural  size), 
and  coiurse  through  helmet  (cf.  Figa.  576  and  577). 
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as  a  suitable  one  for  evacuation.     The  explosion  may  either  be  sudden  or 
with  some  warninj;.     In  the  following  case  the  warning  rise  in  temperature 


l!   '^'3.    4.   -5:   '61 


Fu;s.  579,  580.     Case  fi4.     Trephine  block  over  occipito-parietal  suture  ;    3-grm.  missile 
removed  by  inagnet  at  later  session. 


due  to  an  abseess  from  a  retained  missile  passed  unnotieed,  and  the  wound 

was  re-opened  too  late. 

It  is  this  sort  of  ex- 
[)erience  whieh,  to  my 
thinking,  has  given  the 
had  reputation  to  trans- 
portation in  the  ambu- 
lanee  trains.  Complica- 
tions of  this  kind  cannot 
he  attributed  to  transpor- 
tation, for  they  occur  only 
too  often  with  the  patient 
resting  quietly  in  a  hos- 
pital bed. 

Case  64.— Pte.  W.  O. 
(Serial  No.  170). 

Oct.  4,  1917. — Uncon- 
scious; no  history  obtained. 
Penetrating  wound  of  right 
parietal,  with  missile  5  cm. 
deej).     Apparent  left  hemi. 

Fu!.  581. — Vase  04.     Wound  on  second  day  (cf.  Fig.  682).  •      "     '  ,     ct.         -it 

Operation  {B.ttt:T  \5^ 

hours). —  Tripod    incisions; 

trepanation  en  bloc  (Figs.  579,  580).     Large  blood-clot,  disorganized  brain,  and   bone 

fragments  evacuated.     Missile  retained. 
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uii  tilth  (lav. 


1  external  wound 


Post-operative  Course. — Good  recovery  ;  consciousness  regained  on  3rd  day  : 
left  hemiplegia  revealed  :  perfect  wound  healing  (Figs.  581.  o82).  Teni|)eratiire 
normal  till  9th  day,  when  a 
slight  rise  (Fig.  583).  Abscess 
suspected  :  wound  re-opened  : 
softened  brain  (cultures  :  B. 
proteus)  ;  ca\ity  communicat- 
ing with  ventricle.  A  3-grm. 
shell  fragment  removed  by 
magnet  (culture  gives  fila- 
mentous organism  in  chains). 
Dichloramine-T.  Death  12th 
day. 

Autopsy.  —  Local  abscess 
insufficiently  drained. 

The  two  fatal  frontal 
cases  follow.  The  first  is 
the  only  case  in  the  group 
which  definitely  died  from 
pneumonia,  a  fact  the  more 
remarkable  in  view  of  the 
respiratory  difficulties  so 
often  present,  and  the 
amount  of  exposure  so 
often  endured.  This,  in  general,  sjieaks  well  for  the  routine  adoption  of 
local  anasthesia  ;  but,  even  so,  it  is  important  to  warn  sisters  and  orderlies 
against  efforts  to  force  fluids  on  conscious  or  semi-conscious  patients. 

Case  65.— Sgt.  McC.  (Serial  Xo.  53). 

Aug  16,  1917. — Profoundly  unconscious  ;  ^ock  :  pulse  90.  Penetrating  wound 
of  left  frontal  :  brain  extruding.  .Y  rays  show  fragments  of  distorted  lead  shrapnel 
ball.     Choked  disc  :    right  hemiplegia. 

Operation  (15  hours).— Trepanation  en  bloe.  Evacuation  of  large  clot  from 
lobe,  and  removal,  from  depth   of  cavity,  of  distorted  shrapnel    ball    and   several 

fragments  of  inner  table.     Closure. 

Post-operative  Course. — Jacksonian  fits  in 
right  face.  High  fever  :  pneumonia.  Death 
4th  day. 

Autopsy. — Considerable  widespread  contu- 
sion of  left  hemisphere  ;  wound  clean ;  no 
e\idence  of  infection.     Inhalation  pneumonia. 

The  last  of  these  cases  was  discharged 
from  the  casualty  clearing  station  appar- 
ently in  safe  condition,  though  with  a 
small  well-granulating  fungus. 

Case  66. — Pte.  E.  W.  (Serial  Xo.  198). 
Oct.    20,    1917. — Penetration    of    helmet ; 
wound    of    right    forehead  ;    brain    extruding. 
Good  condition. 

Operation. — Usual  procedure  ;  an  8-5-grm.  shell  fragment  (Fig.  584),  showing 
evidence  of  helmet  penetration,  removed  with  bits  of  bone  from  depth  of  5  cm.  in 
hemisphere.     Closure,  with  gutta-percha  wick. 


Fig.  583. — Temperature  chart  of  Case  64> 
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Post-operative    Course. — Wound    infected,    requiring    re-opening    and    drainage 
(cultures :   staphylococci  and  colifonn  bacilli).     Fungus.     Wound  clean,  and  granu- 
lating   well.      Normal   temj)erature    {Fig.    585). 
Evacuated  Nov.  5  (17th  day). 

Subsequent  Report. — Nov.  18,  No.  3  Gene- 
ral Hospital. — I^etter  announcing  death  from 
meningitis. 
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Fig.   584. — Case  66.     8-5-grm.  shell 
fragment  (natural  size). 


Fig.    585. — Case   6(i.     Temperature   irregular,   tending 
to    subnormal. 


Group   r/.— VENTRICULAR     PENETRATION     BY     BONE     FRAGMENTS     OR 

PROJECTILE. 

We  have  come  to  one  of  the  most  serious  of  complications  of  a  penetrating 
wound — the  opening  of  the  ventricle  or  the  traversing  of  the  ventricle  by 
the  missile  or  by  bone  fragments. 

Emphasis  has  been  laid  by  all  on  the  fact  that  the  prognosis  in  head 
ijijuries,  so  far  as  infection  is  concerned,  chiefly  rests  on  Avhether  or  not  the 
dura  is  intact.  It  has  been  shown,  however,  that  minor  punctures  of  the 
dura  {Group  III)  are  not  necessarily  accompanied  by  a  bad  prognosis,  for, 
contrary  to  the  general  view,  a  fatal  meningitis  which  spreads  from  the  area 
of  penetration  is  comparatively  rare.  Still  more  serious  are  the  lesions 
{Groups  IV  and  V)  in  which  fragments,  often  soiled,  arc  driven  into  the  cerebral 
substance,  and  if  not  completely  removed  leave  an  infected  track,  with  swelling 
and  extrusion  of  the  ocdematous  brain  through  the  dural  opening  and  external 
wound — the  alKtoo  familiar  fungus  cerebri.  In  the  course  of  time,  either 
the  suppurative  process  finds  its  way  into  the  ventricle,  or  the  advancing 
fungus  distorts  the  hemisphere  and  draws  out  the  ventricle,  which  ruptures 
into  the  infected  track.  Both  are  equally  bad  ;  examples  of  both  sequels 
occurred  in  the  series. 

But  far  worse  in  their  prognosis  appear  to  be  the  penetrating  wounds 
which,  regardless  of  their  point  of  entry,  have  primarily  opened  the  Ventricle, 
with  the  resultant  probability  of  an  early  infection  of  the  cerebrospinal  fluid 
at  its  very  source.  It  is  for  this  reason  that  these  cases  have  been  put  in  a 
separate  category.  Some  have  gone  so  far  as  to  regard  them  as  hopeless  from 
the  outset,  and  have  therefore  eliminated  them  from  their  operation  statistics. 
But,  bad  as  they  are,  they  are  not  entirely  hopeless,  as  we  shall  see. 

It  is  quite  probable  that  a  number  of  cases  in  Groups  IV  and  V  may  have 
recovered  with  an  opened  ventricle,  the  condition  not  having  been  recognized 
at  operation.     However,  with  the.  catheter  method  of  treating  the  track,  it 
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would  be  hardly  possible  to  overlook  a  ventricular  penetration,  unless  all  the 
fluid  had  escaped  before  the  operation ;  this  is  improbable,  for  cerebrospinal- 
fluid  leakage  in  a  case  with  acute  traiunatic  hernia  cerebri  is  imusual. 

Ventricular  penetration,  as  already  stated,  has  been  verified  at  o|)eration, 
or  autopsy,  or  both,  in  30  cases.  The  lesion  had  been  caused  by  indriven 
bone  fragments  without  accompanying  projectile  in  14  cases,  of  which  8  made 
perfect  recoveries.  It  had  been  caused  by  the  entry  or  passage  of  the  projec- 
tile itself  in  16  cases,  with  no  recoveries,  the  condition  in  about  half  of  them 
having  been  first  disclosed  at  autopsy. 

Inasmuch  as  the  cases  which  have  been  put  in  this  Group  VI  are,  so  far 
as  the  mechanism  of  the  injury  is  concerned,  of  the  two  definite  types 
considered  in  the  preceding  sections — one  a  tangential  wound,  usually  parietal ; 
the  other  a  direct  penetration,  most  often  temporal — the  facts  concerning  the 
incidents  of  the  injuries  have  been  assembled  with  the  cases  comprising  Groups 
IV  and  V  of  the  preceding  sections. 


Type  A. — The  Ventricle  Penetrated  by  Bone  Fragments. 

We  shall  consider  here  the  14  cases  of  ventricular  penetration  by  indriven 
bone  fragments — usually,  though  not  always  (cf.  Case  73),  fragments  from 

the  inner  table. 

1.  The  Recovered 
Cases. — The  first  two  ex- 
amples were    of   the   type 


ijinii 


3t   I4i   '5 


Fi.,. 


-Parietotemporal  penetration  (Serial   No.    12»j). 


Fig.  587. — 4-8-grm.  mLssile  showing 
edges    burnished  by  helmet. 

with  the  foreign  body 
lodged  in  the  area  of  cran- 
ial depression.  The  earliest 
example  (Serial  No.  52)  has 
no  special  point  of  interest,  aside  from  the  fact  that  the  catheter  passed 
along  the  track  from  the  right  posterior  parietal  region,  entered  the  ventricle 
at  a  depth  of  6  cm.,  and  fragments  of  bone  were  removed  from  this  depth. 
It  was  a  flap  operation  according  to  Colonel  Sargent's  principles,  and  the 
patient  has  made  a  perfect  recovery. 

The  second  case  was  also  of  the  penetrating  type  (Serial  Xo.  94),  \\ith 
entrance  in  the  parieto-temporal  region  {Fig.  586)  the  missile  {Fig.  587)  near 


634        THE    BRITISH    JOUENxVL    OF    SURGERY 

the  surface,  but  with  three  fragments  of  the  squamous  bone  indriven  to  the 
ventricle,  which  was  emptied  through  the  catheter  in  the  jiroccss  of  cleaning 
the  track.  There  were  no  secondary  complications,  and  the  patient  has  made 
a  good  recovery,  with  slight  residual  jmrajihasia. 

The  remaining  cases  all  had  wounds  of  gutter  type,  and  the  conditions 
were  somewhat  more  difficult. 


Case  67. — Sec. -Lieut.  K.  G.  (Serial  No.  106).      Frontal  gutter  wound,  with  bone 
fragments  indriven  to  ventricle.    Pneumococcus  infection.    Recovery. 


Admission,  Aujj.  22,  1917,  1.30  p.m. 
from  rifle  ball  which  perforated  helmet. 


-Six  hours  previously  had  received  injury 
Dazed,  but  managed  to  walk  to  A.D.S., 
where  he  lost  consciousness. 

General  Condition. — Poor :  stuporous, 
but  can  be  roused.  Resuscitation  ward 
for  10  hours,  with  improvement. 


SiST'i'|'^r^l""ri^r'T3 
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Fig.  588. — Case  07.     Characteristic  a;-ray  picture 
showing  thirteen  indriven  bone  fragments. 


Fig.  589. — Case  (i7.      Bone  fragments  removed 
(cf.  Fig.  588). 

Wound. — Open,  gutter  type ;  parieto- 
frontal region  ;  transverse,  slightly  more 
to  right,  but  crossing  mid-line.     Brain 
exposed  and  extruding.     Jf-ray  report : 
"  thirteen     indriven    bone    fragments " 
{Fig.  588). 
Neurological    Findings. —  Mentality    apparently    unimpaired    (subsequently    no 
recollection  of  events  from  time  of  losing  consciousness  till  in  ward  after  operation). 
Disc   margins   and   cup   obscured.     No   paralysis.     Deep   reflexes  :     right,   normal  ; 
left,  not  obtained. 

Operation,  11  p.m.  {circa  18  hours). — ^Novocain.     Excision,  first,  of  wide  gutter 
wound  of  scalp,  then  of  bone.     Exploration  of  sinus  with  soft  catheter  detects  frag- 
ments :    track  leads  into  ventricle.     Fourteen  bone  fragments  recovered  {Fig.  589) 
track  cleaned  ;    ventricle  emptied  ;   complete  collapse  of  fungus.     Partial  closure  by 
Vlastic  flap  ;    lateral  drains.     Urotropin. 
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Post -operative   Course. — Slight    rise    in    temperature    for   five   days    {Fig.   590). 
Cerebrospinal  leak  for  two  days,  followed  by  dull   headache.     .\ug.  26. — Lumbar 
puncture :  45  c.c.  yellowish  fluid  under 
tension  (culture  :   pneumococcus).     Aug. 
28.  —  Second   lumbar   puncture  :    2  c.c. 
clear  fluid,  no  tension  (culture  :    a  few 
diplococci  remain).     Sept.  4. — Granulat 
ingr   wound   over   the   denuded    area   of 
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Fig.  590.     Temperature  chart  of  Ca«e  07. 

pericranium  {Fig.  591):  the  flap  over 
defect  solid  and  without  protrusion : 
temperature  normal.     Evacuated. 

Subsequent  Reports.—Sov.  6  (by  let- 
ter).— '•  Very  fit  in  all  respects  ;  no  head- 
aches.*' Jan.  6  (by  letter). — Giv-en  six 
months"  leave.  Occasional  slight  head- 
ache ;  general  health  perfect. 


Fig.  591. — Case  ♦>7.     Sliowing  flap  operation  with 
granulating  area  on  fourteenth  day. 


The  recovery  in  this  case  was  doubtless  due  to  the  thorough  cleansing, 
\vith  removal  of  all  the  disorganized  brain  and  bone  fragments :  for  though  it 
was  before  the  principle  of  suction  came  to  be  regularly  practised,  over  two 
hours  were  expended  on  the  operation,  most  of  the  time  being  devoted  to 
the  toilette  of  the  track. 

Another  wound  in  the  same  situation  and  of  a  very  similar  nature  (Serial 
Xo.  108),  in  another  officer,  was  similarly  treated  at  about  this  time  by  my 
assistant.  Captain  Horrax,  with  an  equally  good  end-result,  though  the  woimd 
had  to  be  re-opened  owing  to  the  retention  of  one  or  two  fragments  of  bone, 
and  in  consequence  a  cerebrospinal-fluid  leak  was  established  which  persisted 
for  a  week. 

The  following  case  is  remarkable  in  that  it  was  possible  to  make  a 
presumptive  diagnosis  of  ventricular  penetration  owing  to  the  peculiar  position 
of  the  bone  fragments  as  showTi  by  the  stereoscopic  Rontgengrams. 

Case  68. — L.-Cpl.  E.  W.  P.  (Serial  Xo.  154).  Left  parleto-frontal  gutter  fracture, 
■with  show^ered  fragments  penetrating  ventricle  :  some  fragments,  free  in  ventricle, 
retained.    Recovery. 

Admission,  Sept.  29,  1917,  1.40  a.m. — History  of  ha\ing  been  woimded  at  7  a.m. 
the  pre\ious  day,  a  fragment  of  shell  penetrating  helmet.  Temporary  imconscious- 
ness.     No  attempt  to  walk.     Headache.     Vomiting. 

General  Condition. — A  little  hazy,  but  conscious  and  rational.     Warm.     Pulse  80. 
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lloMurf.— Ragjifed  ;  gutter  type  ;  left  parieto-frontal  ;  longitudinally  disposed  ; 
brain  extruding.  TJie  x  rays  show  stereoscopically  a  cluster  of  bone  fragments 
about  7  cm.  inwards  from  the  wound  of  entrance,  and  another  cluster  well  back  in 
the  occipital  region  about  in  the  situation  of  the  posterior  horn  of  the  left  ventricle. 
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Figs.  592,  593,  594. — Case  ()8.  Bone  disc  sliowing  gutter  wound,  with  complete  separa- 
tion of  fragments  from  inner  table.  Note  scratching  of  some  fragments,  e.g.,  (o),  of  outer 
table  by  passing  missile. 


Neurological    Findings. — Memory    imperfect  :     orientation    poor.     No    aphasia 
(right-handed).     Weakness  and  apparent  hypaesthesia  over  entire  right  side.     Deep 

reflexes  normal  on 
left ;  exaggerated  on 
right ;  without  clo- 
nus, though  with 
dorsal  toe-response. 

Operation,  2  p.m. 
(31  hours).  —  Novo- 
cain. Excision  of 
wide  gutter  wound, 
and  preparation  for 
closure  by  lateral  flap 
(ci.  Fig.  595).  Tre- 
panation en  bloc 
(Figs.  592,  593)  ;  no 
adhering  fragments 
of  inner  table — all 
showered  through 
dural  opening,  from 
which  a  large  amoimt 
of  clot    and    pulped 


Fig.  595.— C'a*c  ti8.     Wound  showing  flap  closurt 
at  angle  :    second  day. 


feet 


brain  was  expelled 
by  getting  patient  to 
cough.      On    suction 

of  the  sinus  a  large  amount  of  bloody  cerebrospinal  fluid  was  withdrawn,  and  the 
mass  of  bone  fragments  was  detected  at  a  depth  of  5  cm.  Eight  sizable  fragments 
of  both  tables  were  picked  out,  and   several   smaller  ones  withdrawn  in  the  eye  of 
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Fig.  596. — Temperature  chart  of  Ccue  68. 


the  catheter  {Fig.  594).     Finally,  a  track  about  2  cm.  in  diameter,  leading  from  the 
surface  to  the  ventricle,  lay  wide  open.     The  catheter  could   be   inserted   into  the 
ventricle    a    distance   of    10   cm.,  and    the    cavity    was   irrigated    with    warm    salt 
solution,  but  without 
washing  out  the  pos- 
terior fragments  (cul- 
tures taken  from  the 
ventricle  grew  staphy- 
lococci).    About  1  c.c. 
of  dichloramine-T  was 
left  in  the  track  and 
ventricle,    and     the 
scalp    was    closed    in 
layers. 

Sept.  30  {Fig. 
595). — Sutures  remov- 
ed. General  condition 
unexpectedly    good. 

Lumbar  puncture :  35  c.c.  slightly  yellow  fluid  (cultures  sterile).  Oct.  6. — No 
symptoms  to  account  for  recent  periods  of  fever  (cf.  chart.  Fig.  596).  Second  ar-ray 
examination,  showing  retention  of  deeper  mass  of  bone  in  unchanged  position. 
Oct.  19. — Complete  amnesia  for  period  between  wound  and  operation.  Otherwise 
no  mental  or  other  neurological  abnormality  observable.     Evacuated. 

Subsequent  Reports. — Feb.  1,  1918  (by  letter). — Red  Cross  Hospital  in  Chester 
for  three  weeks  ;  thence  to  Cheshire  Hospital.  No  paralysis  ;  feels  quite  well  aside 
from  some  "  headache  when  he  catches  cold."  Hopes  to  go  before  Board,  get  dis- 
charge, and  return  immediately  to  former  occupation. 

The   succeeding  case,   though   of  ver\'   similar   type,    may   also   deserve, 
recording  in  some  detail. 

Case  69. — Sgt.  F.  G.  J.  (Serial  No.  160).  Rierht  frontal  gutter  fracture,  with 
frasments     showered   into  ventricle.    Usual  toilette,    with    emptying    of    ventricle. 

Closure.    Recovery. 

Admission,  Sept. 
30,  1917,  2.:30  a.m.— 
History  of  having 
been  bombed  during 
an  air  raid. 

General  Con  d i- 
tion,.9  a.m. — Resu.s- 
citation  ward  during 
night.  Conscious ; 
fairly  rational.  Re- 
meml^ers  the  raid, 
and  being  without  a 
helmet  :  no  recollec- 
tion of  subsequent 
events.     Pulse  66. 

Woun  d. — Longi- 
tudinal  gutter  type, 
right  upper  frontal 
{Fig.  597) :  brain  ex- 
truding. A'-ray  (ste- 
reoscopic) report: 
"  Bone  defect,  with 
indriven  fragments  in 
two  groups,  one  pos- 
siblv  in  ventricle." 


Fig.  597. — Case  09.     Wound  before  operation. 
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Neurological  Findings. — Disoriented  for  time  and  place. 
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Fi(;s.   598,  599.— fW.se   ti9. 


Typical  putter  fracture,  without  adherent 
bone  fragments. 


Weakness  of  left  arm 
and  leg.  Deep  re- 
flexes :  brisk  ;  equal ; 
no  clonus. 

Operation,  11  a.m. 
(10  hours).  —  Novo- 
cain. Tripod  {'  Isle 
of  Man  ■)  incisions 
encircling  gutter 
wound.  Trepana- 
tion en  bloc  {Figs. 
598,  599).  No  bone 
fragments  adherent : 
all  indriven.  Lacer- 
ation of  dura,  3  cm. 
long.  Extensive 
pulping  of  lobe,  with 
bloody  fluid  o  b  - 
viously  coming  from 
V  e  n  t  r  i  c^l  e  .^  I  .^,Iuch 
disorganized  brain 
and  clot  irrigated 
and  sucked  out: 
much  more  express- 
ed during  act  of 
vomiting.  Frag- 
ments palpated  by 
catheter  at  de[>th  of 
5  cm.  ;     picked  out 


with  duck-billed  forceps.  Collapsed  brain,  ;aul  wide  ()i)en  track  commimicating  with 
ventricle.  Dichloramine  -  T. 
Edges  of  unexcised  and  lacer- 
ated dural  margin  drawn 
loosely  together  with  two  fine 
silk  sutures.  Closure  of  .scalj) 
in  layers,  with  no  drain. 
L'rotropin. 

Oct.  1. — -Some  bloody 
and  oily  cerebrospinal  fluid 
from  between  sutures  (cul- 
ture :  no  growth).  I^umbar 
pimcture :  20  c.c^  of  blood- 
stained fluid  (culture  :  no 
growth).  Teni|)erature  nor- 
mal. Persistent  hiccoughs  ; 
otherwise  condition  excellent. 
Oct.  2.  —  Temperature  ele- 
vated, 101°.  Lumbar  punc- 
ture :  20  c.c.  fluid,  less  blood- 
stained (culture  sterile).  Oct. 
4.  —  Continuous  hiccoughing 
for  past  two  days.  TemjKjr- 
ature  103°,  but  no  symptoms 
to  account  for  it  ;  feels  well. 
Wound  perfect  :  sutures  re- 
moved {Fig.  600).  Oct.  6. — 
Sixth  day  of  uninterrupted 
hiccoughing.     Says  he  has  had  similar  attacks  before,  his  mother  also.     Oct.  14. — 


Fiu.  000. — Cast  09.      Wound  on  fourth  day  (cf.  Fi(j.  597). 
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Cessation   of  hiccoughs  on  7th  day.     Normal  temperature   (Fig.  601). 

excellent .      No   mental    impairment. 

Wound  solid  (Fig.  602).     Repeated  j-ray 

examinations  show  two  small  fragments 

of  bone   remaining   in    track  :     none    in 

ventricular  region.     Evacuated. 

Subsequent  Reports. — No.  1 1  General 
Hospital.  —  No  neurological  symptoms. 
Evacuated  to  England  Oct.  22.  Dec.  10 
(by  letter  from  King  George  Hosp.). — 
Up  and  about  :  no  headaches  whatever ; 
no  other  symptoms  so  far  as  he  can  see. 
Feb.  20,  1918. — Has  received  discharge  ; 
given  a  skull  cap  with  steel  plate  ;  does 
not  know  why.  Expects  to  return  to 
work  with  former  firm  of  solicitors  : 
thinks  his  memorv  a  little  defective. 


Condition 
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Fio.  602. — Case  69.     Wound  on  twelfth  da  v. 


-Case  69.     Temperature  chart  of  case 
with  openetl  ventricle. 

At  times  the  loss  of 
substance  from  the  scalp 
is  so  great,  or  the  scalp  so 
densely  adherent  in  the 
subaponeurotic  layer,  that 
a  closure  by  plastic  of  the 
defect  is  most  difficult  or 
almost  impossible.  In  or- 
dinary cases  it  is  simpler 
under  these  circumstances 
to  leave  the  defect  directly 
over  the  operative  area, 
and  i^emiit  a  small  fimgus 
to  develop ;  but  in  case 
the  track  commimicates 
with  the  ventricle,  one 
must  close  the  immediate 
defect  by  some  form  of 
plastic  at  all  hazards.  The 
following  case  is  an  exam- 
ple of  this. 


Case  70. — Sgt.  F.  W.  D.  (Serial  No.  184).  Pronto-parietal  gutter  wound  ;  mild 
sinus  syndrome ;    bone  fragments  penetrating  ventricle.    Recovery. 

Admission,  Oct.  12,  1917. — History  of  having  been  hit  alx»ut  6.30  a.m..  shortly 
after  going  forward  in  an  attack.  Wearing  his  helmet.  Stunned  :  found  he  could 
not  walk  :    managed  to  crawl  back  to  aid  post. 

General  Condition. — Conscious  ;    pulse  72  ;    mentality  unimpaired. 

Wound. — Gutter  type  ;  longitudinal,  8  cm.  long,  just  to  right  of  mid-line  at 
anterior  parietal  vertex.  Brain  extruding.  A'-ray  report  :  "'  Fracture,  with  deeply 
indriven  bone  fragments." 

Neurological  Findings. — Complains  of  weakness  and  stiffness  in  legs.  Moderate 
spasticity  present,  equal  on  the  two  sides.  Deep  reflexes  brisk  to  exaggeration, 
but  no  clonus. 
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Operation,  4  p  ni.  (10  hours). — Novocain.  ;  Excision  of  large  greatly-soiled  scalp 
wound,   disclosing   a  })olar   opening  in   skull   measuring  2-5   by   1-5  cm.,  with   five 

meridional  fissures  running  from  it.  Tre- 
panation en  bloc.  No  adherent  fragments 
of  inner  table  ;  all  showered  through  tear 
in  dura  just  to  right  of  longitudinal  sinus. 
Usual  toilette  of  track  :  ten  fragments  (Fig. 
603)  of  both  outer  and  inner  tables  re- 
covered from  depth.  On  releasing  largest 
fragment  (broth  culture  gave  staphylococci), 
a  gush  of  bloody  cerebrospinal  fluid  oc- 
curred, with  complete  collapse  of  brain, 
leaving  track  wide  open.  Dichloramine-T. 
Ragged  tear  in  dura  drawn  together  with 
two  fine  silk  sutures.  Area  of  defect  closed 
with  elaborate  S-shaped  plastic  (cf.  Fig. 
605),  leaving  an  area  of  denuded  pericra- 
nium fore  and  aft. 

Post-operative  Course. — Despite  a  super- 
ficial staphylococcus  infection,  the  flaps  held. 
Highest  temperature  100-2°  {Fig.  604).     On 
second    day   sutures    removed     {Fig.    605). 
The  spasticity  of  the  legs  subsided  gradu- 
ally, more  rapidly  on  the  left  than  the  right. 
(The    contused    area    undoubtedly   present 
over  the  corresponding  part  of  the  opposite 
hemisphere  was  slower  in  regaining  its  function  than  the  pulped  area  treated  by 
suction  in  the  right  hemisphere.)     The  two  granulating  areas  {Fig.  606)  were  planted 
with  Reverdin  grafts  on  Nov.  2.     Evacuated  Nov.  5. 

Subsequent  Report. — Nov.  30. — Evacuated  to  England  from  No.  16  General 
Hospital;  wounds  healed.  Feb.  21,  1918. — Discharged  from  service;  some  dizziness 
and  headaches. 
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Fig.  (503. — Case  70. — Fragments  removed 
from  ventricle  and  track. 


Fig.  604. — Temperature  chart  of  Case  70. 


The  story  of  the  last  of  these  eight  patients  (Serial  No.  185)  with  recovery 
after  penetration  of  the  ventricle  by  bone  fragments,  need  not  be  recorded  in 
full,  as  it  is  almost  the  counterpart  of  Case  69,  except  that  the  wound  was 
lower  in  the  frontal  region.  The  patient  has  received  his  discharge  from  the 
army,  and  writes  that  he  is  practically  free  from  all  symptoms. 

2.  The  Fatal  Cases. — The  first  of  these,  the  second  in  the  operative 
series,  shows  again  how  imperfect  were  our  early  methods  of  treatment. 

Case  71.— Dvr.  A.  A.  E.  (Serial  No.  2). 

July  25,  1917. — Patient  semi-conscious  ;  penetrating  wound  of  upper  left 
Rolandic  region  ;  brain  extruding  ;  superficial  projectile  ;  indriven  bone.  Right 
hemiplegia,  with  exaggerated  reflexefj. 
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Operation. — Ether.  Excision  of  scalp  wound  and  of  fungus.  Bone  opening 
enlarged  with  rongeurs,  exposing  2-cm.  margin  of  intact  dura.  A  few  bone  fragments 
picked  out  of  track.  Closure  of  defect  by  plastic  flap,  with  lateral  drain.  Subsequent 
restlessness,  requirimr  nuich  ni()rj)liia  :    unconsciousness  :    fever  :    death  in  48  hours. 


Figs.    <j05,   GO<i. — Case    70.     Sliowiiig   uoiiiid   on   first   dre.s-siiig   (second  day), 
and  two  weeks  later. 


Autopsy. — The  flap  of  scalp  covers  a  badly  infected,  stinking  fungus  with  gas 
bubbles.  Section  of  the  brain  exposes  a  softened  cavity  the  size  of  an  egg,  containing 
disorganized  brain  and  pus  with  bone  fragments,  some  of  which  have  been  driven 
into  the  badly  infected  ventricle.  Cover-glass  preparations  show  abundant  organ- 
isms of  B.  iVelchii  type. 

Four  other  fatal  cases  with  wounds  of  the  parietal  vault  occurred  later 
in  the  series.     The  first  of  them  follows. 

Case  72.— Gnr.  J.  G.  (Serial  Xo.  96). 

Sept.  3,  1917. — Admitted  in  critical  condition,  with  a  cerebral  herniation 
occupying  a  large  parieto-frontal  gutter  wound  involving  scalp  and  cranium  {Fig. 
607).  The  skull  was  very  rich  in  diploe,  and  there  were  no  plates  of  inner  table 
adherent  to  the  bone  disc.  The  detached  fragments  were  small,  and  all  showered. 
Three  meridional  lines  of  fracture  radiated  from  the  bone  defect.  Death  on  the 
4th  day,  though  the  lumbar  fluid  was  found  sterile  the  day  before. 

Autopsy. — A  purulent  ventriculitis  and  Encephalitis  {B.   Welchii). 

The  effect  on  the  skull  of  these  large  gutter  wounds,  all  produced  by  a 
similar  form  of  tangential  injury,  varies  considerably  from  case  to  case, 
depending  greatly  upon  the  structural  characteristics  of  the  individual 
calvarium.     In  the  following,  as  in  Case  ^A:  {Fig.  523),  the  large  plates  of  inner 
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tabic,  though  fully  detached,  remained  adherent  to  the  dura,  but  broke  in 
the  middle  like  a  trap-door,  and  permitted  the  fragments  of  outer  table  to  be 
indriven  to  the  ventricle. 


^FiG.    007. — Case   72.     Showing  cliaracteristic  gutter  wound 
from  both  aspects. 


Crt.se  73. — A  German  prisoner  (Serial  Xo.  130). 
'         Sept.  20,  1917. — Wounded  by  rifle  ball  48  hours  before  operation  ;    not  wearing 
his  helmet.     Gutter  wound,  right  parietal ;    brain  extruding.     Left  hemiplegia. 


Figs.    008,   009,   010.- — Case   73.     Outer  and   inner  aspects  of  block,  with  fragment  of  external  table, 
whicli  was  driven  between  the  plates  of  inner  table  into  ventricle. 


STUDY    OF    BEAIX    WOUNDS 


643 


Trepanation  en  bloc  (Figs.  608,  609).  The  larwe  leaves  of  broken  inner  table 
very  adherent  to  dura  (Fig.  610).  Between  them  a  fragment  of  outer  table  had  been 
driven  into  brain,  of>ening  ventricle.  Careful  toilette  of  track.  Dichloramine-T. 
Partial  closure,  with  direct  drainage,  owing  to  obvious  infection.  Death  in  three 
days,  alter  sudden  rise  in  temperature  to  105°. 

Autopsy. — Ventriculitis  ;    meningitis  ;    gas  infection  of  brain. 

Another  parietal  fatality  (Serial  No.  187)  was  very  similar  lo  the  foregoing. 
The  man  had  been  lying  out  for  three  days  ;  the  wound  was  dirty  ;  bone 
fragments  had  been  driven  to  the  ventricle  ;  death  occurred  from  intracranial 
sepsis  on  the  third  day.  The  results  in  these  delayed  cases  furnish  the  best 
argument  for  the  earliest  ix)ssible  operation  in  penetrating  wounds. 

The  following,  the  single  occipital  case  in  this  group,  is  lamentable  from 
the  fact  of  an  incomplete  though  early  operation  which  failed  to  secure  all 
fragments  of  bone.  Had  the  man  been  evacuated  on  or  about  the  tenth  day, 
Avhen  doing  apparently  well,  his  upset  would  naturally  have  been  attributed 
to  the  effects  of  transixjrtation. 

Case  74. — Pte.  E.  F.  (Serial  Xo.  142).  Occipital  gutter  woiind.  Ventricle 
penetrated.    Incomplete  operation.    Death  In  t'wo  w^eeks  from  sepsis. 

Admitted  Sept.  27.  1917.  3  a.m. — Woimded  6  hours  before  :  wearing  helmet. 
General  condition  fair,  though  drowsy  and  imresponsive. 

Wound. — Gutter  tyjie  :    right  parieto-occipital  :    brain  extruding. 
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Fig.    611. — Case   74.     Outer  and   inner  aspects:   of  trepanation   block, 
showing  oblique  penetration. 


Xeiirological  Findings. — Deep  reflexes  hyperactive  ;  otherwise  nothing  made  out. 
Xo  hemianopsia. 

Operation,  10  a.m.  (13  hours). — Xovocain.  Tripod  excision  of  scalp  wound  ; 
trepanation  en  bloc  (Fig.  611)  ;  one  large  fragment  of  inner  table  driven  edgewise 
through  dura  to  ventricle  ;  no  other  fragments  recovered.  Usual  toilette,  with 
dichloramine-T.     Incomplete  closure,  with  central  drain. 


644        THE    BRITISH    JOURNAL    OF    SURGERY 


Subsequent  Course. — External  wound  (Fig.  612)  appeared  well  ;    no  discharge 
of  ccrel)ros|iinal  fluid.     Patient  was  about  to  he  evacuated  on  11th  daj^  when  there 

occurred  a  sudden  rise  in  tem- 
I)erature  to  103°  (Fig.  613). 
with  signs  of  intracranial 
pressure.  A  fungus  cerebri 
rapidly  developed,  with  ex- 
trusion of  remaining  frag- 
ments of  bone  and  a  cerebro- 
spinal -  fluid  leak.  I>umbar 
puncture  :  sterile  fluid.  Cul- 
tures from  wound  :  strepto- 
cocci.    Death,   15th  day. 

Autopsy. — Meningitis  and 
ventriculitis. 

Only  one  of  the  fatal- 
ities included  in  this  group 
(lied  from  the  effects  of  the 
trauma  too  early  for  ven- 
tricular sepsis  to  play  any 
role. 


Oil    tenth   day,    Ijt'foie   CDiiteinplated 
evacuation. 


Fig.  013. — Teinpef&tiire  chart  of  Case  74. 


Case  75. — An  unknown 
civilian  (Serial  No.  68). 

Admission  Aug.  20,  1917,  12.30  a.m. 
— Victim  of  an  air  raid  ;  unconscious. 
No  particulars.  Gutter  wound  of  pos- 
terior parietal  region  ;  bleeding  cerebral 
herniation  :  pressure  pneumonia  :  choked 
disc  and  rhythmic  respiration. 

Operation. — Confined  to  mere  repair 
of  external  wound,  with  control  of  bleed- 
ing from  superficial  meningeal  vessels. 
No  return  of  consciousness.  Death  in  24 
hours. 

Autopsy. — A  double  track  made  by 
fragments  of  bone,  one  leading  through 
posterior  horn  of  left  ventricle,  tentorium, 
and  cerebellum.  Blood-clot  surrounds 
hind-brain,  and  extends  up  over  left 
cerebral  hemisphere. 


Type  B. — ^The  Ventricle  Penetr.\ted  or  Traversed  by  a  Projectile. 

In  this  type  there  were  no  certified  recoveries,  and  the  condition  in  most 
instances  was  a  post-mortem  finding.  Death  was  due  to  trauma  and  haemor- 
rhage in  8  cases  ;  to  secondary  infection  of  the  cerebrospinal  spaces  in  7  ; 
to  intercurrent  causes  in  1. 

It  is  not  at  all  improbable  that  in  some  of  the  patients  who  have 
recovered,  with  retention  of  the  foreign  body,  the  missile  may  actually 
have  penetrated  or  perforated  the  ventricle  ;  this  can  only  be  surmised,  by 
the  help  of  the  three-dimensional  study  of  the  course  of  the  projectile,  aided 
by  the  a:-ray  examination  in  each  case.  It  is  significant,  however,  that  among 
the  fatalities  from  a  lodged  projectile,  the  post-mortem  examination  showed 
that  the  ventricle  had  been  opened  in  slightly  more  than  half  (16  put  of  31). 
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It  is  interesting  to  find  that  the  projectile  not  uncommonly  lodges  in  the 
ventricle,  as  though  the  pool  of  fluid  serves  more  effectively  to  check  its 
progress  than  the  cerebral  tissue.  This  was  true  in  6  of  the  16  cases,  and  in 
one  there  were  two  missiles  in  the  ventricle. 

The  single  case  in  the  series  in  which  the  missile,  identified  as  being  in 
the  ventricle,  was  removed  at  operation,  possibly  deserves  a  somewhat 
detailed  report. 


Case  76. — Pte.  D.  Q.  (Serial  No.  22).  Magnet  extraction,  after  two  days,  of 
shell  fragrment  from  Infected  ventricle.  Irrigation  of  ventricle  ;  subsidence  of  local 
infection.    Death  three  months  later  f^m  inanition. 

Admitted  .\ug.  1,  1917. — Wounded  about  11  a.m.  of  precedinor  day  :  a  shell 
fragment  penetrated  helmet  ;  much  bleeding  from  wound,  but  no  loss  of  conscious- 
ness ;  left  side  power- 
less ;  not  found  by 
bearers  till  to-day  ; 
reached  casualty 
clearing  station  at 
4  p.m.  ;  conscious, 
but  in  collapse. 

General  Condi- 
tion, .Aug.  2,  4  p.m., 
after  24  hours  in  re- 
suscitation ward. — 
Conscious  :  warm: 
pulse  much  improv- 
ed, 70  ;    headache. 

Wound. —  Pene- 
trating variety,  2  cm. 
to  right  of  m  i d- 
parietal  vertex  ;  no 
brain  extruding.  A'- 
ray  (stereoscopic)  re- 
f)ort :  "  Small  p)ene- 
tration ;  projectile  in 
mid-brain;  bone 
fragments  in  track" 
(Fig.  614). 

X  eurological 
Findings.  —  Spastic 
left  hemiplegia  in- 
voKing  arm,  leg,  and 
face,  with  sensory 
loss  over  arm  and 
leg  :  clonus  at  knee 
and  ankle  ;  dorsal 
plantar  response. 
Left  homon\Tnous  hemianopsia. 
a?'dematous. 

Operation,  Aug.  2,  5  p.m.  (53  hours). — Novocain.  Curvilinear  flap,  with  exci- 
sion of  wound  ;  enlargement  of  bony  opening  ;  bleeding  from  longitudinal  sinus  on 
picking  out  superficial  fragments,  cheeked  by  fascial  graft  ;  lateral  incision  of  wound 
in  exposed  dura  :  escape  of  much  disorganized  brain  and  clot.  Soft  catheter  intro- 
duced, and  at  depth  of  6  cm.  enters  ventricle  :  about  20  e.c.  of  bloody  seropurulent 
fluid  removed  ;  culture  gave  abundant  B.  perfringens  and  staphylococci.  Eusol 
irrigation  into  ca^^ty.     Several  bone  fragments  removed  from  track.     Insertion  of 


Fi... 


A"-ray  pictui-e   -bowing  projectile   in  ventricle. 


Optic  discs  hjTJeraemic;     blurred  outlines;     cups 
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j.,^p.,,^p.,,.,,:, 


Fig.  C15. — Case  7<>.  3-8-grm. 
fragment,  with  rubbed  edge, 
removed  from  ventricle. 


nail  to  ventricle,  with  magnet  extraction  of  3-8-»rni.  projectile  (Fig.  615)  on  first 
trial.     Small-calibre  catheter  left  in  sinus.     Closure  except  for  catheter. 

Aug.  3. — Temperature  100°,  Chief  com])laint,  discomfort  in  paralyzed  side. 
Some  cervical  stiffness.  Ventricle  draining  well  ;  culture  No.  2  :  "  Cocci  and  B. 
perfringens  in  abundance."'  Aug,  4. — Third  culture  from  ventricle  :  "  Cocci  and 
B.  perfrhigem."  Aug.  5. — Extensive  herpes  labialis,  with  rise  in  temperature  to 
102°,     but    general    condition    appears    much    better ;     rational  ;     talking ;     taking 

nourishment  well.  Aug.  9. — Has  had  daily  gentle  irri- 
gation of  ventricle  through  catheter,  which  has  been 
retained,  and  has  drained  well  ;  culture  No.  4,  Con- 
dition excellent  ;  beginning  to  move  fingers  on  left. 
Catheter  withdrawn,  Aug.  10. — Rise  in  temperature  to 
102°.  (Report  of  culture  No.  4  :  '"  Cocci  persist,  (?) 
pneumo-cocci.  Bacilli  rare,'')  Aug.  13. — Reaction  fol- 
lowing removal  of  drain  has  subsided.  Possibly  slight 
fullness  in  Avound.  Beginning  return  of  movements 
in  left  foot,  Sept.  13. — During  the  month's  interval 
there  were  ups  and  downs  in  the  man's  condition, 
with  dull  and  brighter  periods  alternating.  Believing 
that  there  must  either  be  an  abscess,  a  ventricular 
hydrops,  or  an  area  of  cerebral  softening,  several 
exploratory  pimctures  were  made  in  the  hemisphere, 
with  negative  findings,  the  ventricle  being  entered  on 
one  occasion  (Aug.  28)  and  found  to  contain  clear 
sterile  fluid,  Oct,  4. — Temperature  normal  for  past 
three  weeks,  but  he  remains  for  the  most  part  dull 
and  unresponsive,  with  marked  inappetence.  Slight  movements  possible  in  arm 
and  leg,  but  very  little  progress  being  made.     Evacuated  (71  days). 

Subsequent  Notes. — He  reached  No.  2  Canadian  General  Hospital  in  bad  condi- 
tion, bedsores  developed,  and  he  died  two  weeks  after  his  admission. 

Autopsy  Note. — ''  Head,  only,  opened.  The  semilunar  scar  over  the  right 
parietal  area  was  adherant.  There  was  a  considerable  amount  of  scar  tissue  in  the 
brain  substance  imder  this  wound.  The  brain  was  pale.  There  was  no  sign  of  pus  ; 
no  abscess,  no  meningitis." 

Death  presumably  occurred  from  inanition,  as  may  happen  to  bed-ridden 
hemiplegics. 

Though  the  severity  of  the  cerebral  injury  rather  than  the  early  intra- 
cranial infection  accounts  for  the  death  of  this  man,  the  experience  neverthe- 
less stands  as  an  argument  for  earlier  operation.  It  is  my  feeling,  so  far  as 
head  cases  are  concerned,  that  the  long  period  so  often  passed  in  the  resuscita- 
tion ward,  with  the  administration  of  warmth  and  stimulants,  is  too  serious 
a  loss  of  time  when  taken  from  the  standpoint  of  the  possible  establishment 
meanwhile  of  a  serious  infection.  A  cranial  operation  under  combined 
morphia  and  a  local  ansesthetic  may  be  carried  out  at  the  same  time  that 
warmth,  fluids,  and  stimulants  are  being  administered. 

The  following,  another  early  case  in  the  series,  was  also  delayed  for  long 
in  the  resuscitation  ward.  The  ventricular  perforation  played  an  unimportant 
role,  but  the  case  is  of  interest  from  other  standpoints. 

Case  77.- — -Pte.  E.  B.  (Serial  No.  61),  Penetrating  shell  fragment  passing  from 
vault  to  base  through  ventricle.  Operation,  with  missile  extraction,  deferred  22  hours. 
Gas  encephalitis. 

Admission,  Aug.  16,  1917,  4  p.m. — No  history  (helmet  worn,  cf.  Fig.  617)  ; 
critical  condition  ;    somnolent.     Resuscitation  ward  22  hours. 

Wound,  Aug.  17. — Lacerated,  of  penetrating  type,  just  to  right  of  mid-vertex  ; 
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brain  extruding.     X  rays  show  shell  fragment   King  beside  pituitary  fossa,  with 

bone  fragments  in  its  path  {Fig.  616). 

Neurological  Findings. — No  response  to  stimuli  ;  apparent  paralysis  with  rigidity 

of  left  side,  with  reflexes  increased  to  clonus,  and   positive  Babinski.      Persistent 

conjugate  de^^ation  of  head  and  eyes  to  right.     Profuse  sweating. 

Operation,  1.30  p.m.  (circa  S2  hours  ?). — Excision  of  scalp  wound  ;    trepanation 

en  bloc  {Fig.  617).     Prompt  extrusion  of  clots  and  disorganized  brain.     Catheter 

suction  of  track,  with  removal  of  the 
8  fragments  of  bone  shown  by  x  rays 
— some  withdrawn  in  eye  of  catheter. 
Bloody  cerebrospinal  fluid.  Catheter 
enters  13  cm.,  and  detects  foreign 
body.  Attempted  magnet  extraction 
with  an  intervening  wire  nail  :  first 
trial  unsuccessful  :  local  current 
switched  off.  In  lieu  of  magnet  a 
piece  of  small  stomach  tube  was  cut 
off,  inserted  to  bottom  of  track,  and 


Fig.  610. — Radiogram  of  Case  77. 


Fig.  617. —  Case  77.     Bone  block  and 
missile  with  bumi^^hed  surface. 


suction  applied  ;  the  missile  {Fig.  617)  was  withdrawn  in  eye  of  tube  (culture, 
reported  following  day  :  B.  perfringens).  Closure  of  wound  by  plastic  method. 
Missile  weighs  3-5  grm.,  and  shows  a  burnished  surface  from  helmet  penetration. 

Aug.  18. — Temperature  99°  ;  partial  return  of  consciousness.  11  p.m. — Sudden 
rise  of  temperature  to  104°.  Wound  re-opened  ;  stinking  gas  infection.  Eusol  irriga- 
tion of  track  continued  during  night.     Aug.  19. — Death  at  8  a.m.     Temperature  107". 

Autopsy. — Extensive  gas  encephalitis  of  entire  hemisphere.  Track  passed 
parallel  to  falx  through  ventricle  to  temporalpobe  beside  sella  turcica.  No  apparent 
meningitis. 

Despite  the  delayed  operation,  had  the  wound  in  this  ease  been  left  open 
with  direct  catheter  drainage,  as  in  the  preceding  one,  there  would  have  been 
a  very  good  chance  of  recovery.  It  is  in  matters  of  this  kind  when  judge- 
ment is  put  to  the  greatest  test — to  close  or  not  to  close.  It  is  possible  that 
immediate  cover-slip  examinations  of  the  deeper  wound  might  serve  in  place 
of  culture,  a  report  of  which  means  too  great  delay  to  be  of  influence  in  the 
question  of  drainage. 

VOL.    v.— NO.   20.  -^6 
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The  remaining  fatal  cases  in  Group  VI  are  as  follows  :  6  of  them  were 
obviously  due  to  the  trauma  and  h.Tmorrhage  alone  ;  2  to  intcrciuTent  causes 
(exposure  and  pneumonia)  ;  the  remaining  7  to  sepsis,  usually  spreading  into 
the  ventricle. 

The  traumatic  cases  follow. 

Case  78. — Capt.  L.  G.  (Serial  No.  105).  Multiple  wounds;  double  left  temporal 
cranial  penetrations. 

Aug.  22,  1917.^ — No  history.    Terminal  stage  of  pressure  pneumonia  ;    Cheyne- 
Stokes  respiration.     Attempted  relief  by  operation  ;   no  anaesthetic  ;   large  elot  over 
hemisphere  ;  meningeal  and  middle  cerebral  vessels  found 
injured.     Temporary  improvement.     Death  24  hours. 

Autopsy.  —  Track    of    one   missile    {Fig.    618)    to 
ventricle  ;   the  other  passes  through  ventricle,  which  is 


FxG.  (518. — -Case  78.     Showing  course  of  missiles. 


filled  with  blood,  and  lodges   in  opposite   hemisphere  ; 
extensive  subdural  and  intracerebral  clot. 

Case  79.  —  Pte.  J.  C.  (Serial  No.  32).  Multiple 
penetrations  of  vertex ;  serious  intracranial  lesions  pro- 
duced by  small  projectile. 

Admitted  Aug.  3,  1917.  —  In  resuscitation  ward 
three  days  unconscious,  with  extreme  spastic  rigidity. 
Transferred  to  us  for  operation,  Aug.  6,  with  pulse  150, 
temperature  102°,  respirations  rhythmic.  Right  sub- 
temporal decompression  ;  no  anaesthetic.  Death  in 
6  hours. 

Autopsy.  —  Minute  perforation  to  left  of  median 
line  ;  sinus  uninjured.  Clot  over  entire  left  hemisphere  ; 
thick  clot  between  the  two  hemispheres.  Track  passes 
{Fig.  619)  through  corpus  callosum,  right  lateral  ven- 
tricle— which  is  full  of  blood — to  inferior  right  temporal 
lol)e,  where  small  0-3-grm.  projectile  (cf.  Fig.  619)  is 
lodged. 


Fio.  619.—  C'flwe  79.  Show- 
ing small  missile  (natural  size), 
and  course. 


Case  80. 


Fio.  C-IO.—Case  80.  Show- 
ing small  missile  (natural  size) 
lodged  in  ventricle. 


Pte.  C.  R.  (Serial  No.  39).  Penetrating  wound,  rlgrht  frontotemporal. 
Aug.  6,  1917. — Profoundly  unconscious  ;  pres- 
sure phenomena.  Immediate  operation  ;  no  anaes- 
thetic ;  temporal  flap  ;  trepanation  ;  large  subdural 
elot  evacuated ;  bleeding  Sylvian  vein  clipped ; 
closure.  Death  in  19  hours  ;  no  return  of  con- 
sciousness. 

Autopsy.  —  Clot  over  hemisphere  incompletely 
removed  at  operation.  Track  of  missile  :  from  frontal 
lobe  diagonally  into  opposite  ventricle  {Fig.  620), 
where  a  1-grm.  missile  with  a  burnished  face  lies 
free.     No  gross  evidence  of  sepsis. 
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Case  81. — Pte.  A.  H.  (Serial  No.  63).    Multiple  wounds,  one  penetratins:  glabella, 
'With  projectile  lodged  in  left  hemispbere  under  parietal  eminence. 

Aug.  17,  1917. — Profoundly  

unconscious  ;  pulse  60  ;  papill- 
oedema  ;  complete  right  hemi- 
plegia. 11  p.m.- — Condition 
rapidly  growing  worse  :  pulse  90 
and  irregular  ;  choked  disc  2  D  : 
right  pupil  dilated.  Attempted 
left  subtemporal  decompression  ; 
no  anaesthetic ;  film  of  clot  over 
very  tense  hemisphere.  Tempor- 
izing investigation  of  wound  of 
entrance,  which  passed  through 
frontal  sinus.     Death  in  4  hours. 

Autopsy. — Track  of  missile 
from  frontal  pole  of  hemisphere 
into  left  ventricle,  which  is  dis- 
tended with  blood.  A  2-2-grm. 
projectile  (Fig.  621)  lies  in  ven- 
tricle about  opposite  |X)sterior 
end  of  the  thalamus.  Entire 
left  hemisphere  contused  and 
oedematous. 


KiG.   021. — Case   81.     Sliowing  a    2-2-grm.   missile, 
and   course   to   ventricle. 


Case  82.— Pte.  H.  L.  E.  (Serial  No.  88). 

Aug.  31,  1917. — .\dmitted  2  p.m.  in  critical  condition.  Large  penetrating 
wound  in  mid-line  at  coronal  suture  ;  brain  extruding.  A'-ray  report  :  "  Large 
foreign  body  at  base  near  petrous  bone  "  (Fig.  622).  Resuscitation  ward  21  hours. 
Sept.    1. — Profoimdly    unconscious  :    choked   disc    1  D  :    typical    longitudinal-sinus 

syndrome,  with  spasticities,  ad- 
ductor .spasm,  clonus,  etc. 

Operation .  —  No  anaest  het  ic 
necessary  ;  trepanation  en  bloc ; 
careful   toilette    of    track,    with 


Fig.    Ct'li. — Case    82.     X-ray   photograph   --howing  deep 
position  of  large  missile,  and  characteristic  track. 


15-grm.  missile   (Fig.  623)  on  ftrst^trial. 
24  hours. 


Fig.  t;23.— Cfl^e  82.  Missile 
(15  grin.)  with  burnishetl  edge 
(natural  size). 


removal  of  jdeep  bone  frag- 
ments :  catheter  enters  6-5  cm. 
and  4  detects  missile  ;  nail  in- 
serted :  magnet  extraction  of 
_^  Consciousness   not   regained.      Death   in 
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Fig.  024.— Case  83.  Show- 
ing a;-ray  appearance,  with 
position  of  two  pieces  of  one 
original  rubbed  fragment. 


Autopsy. — Meridional  fracture  lines,  extending  to  base.  Track  of  missile  crosses 
ventricle  and  enters  temporal  lobe.  Widespread  subdural  haemorrhage  over  left 
hemisphere. 

Another  example,  though 
not  included  in  the  operative 
series,  as  death  took  place 
during  the  preparation  for 
operation,  may  be  given,  as 
it  illustrates  the  gravitation 
of  missiles  which  lie  free  in 
the  ventricle.  The  sketches 
made  at  autopsy  tell  the 
story,  which  therefore  needs 
little  context. 

Case  83.— Rfm.  H.  S. 

Admitted  Aug.    15,    1917. — 

Comatose.      Penetrating    wound 

of   mid-vertex,   through   helmet 

(rubbed    missile)  ;    longitudinal- 

sinus    syndrome.     Xrays 

(stereoscopic)    show  two  widely 

separated     foreign    bodies    near 

mid-plane  of  skull  (Fig.  624).     Death  during  preparation  for 

operation,  five  hours  after  injury. 

Autopsy  (Fig.  625).— The  two  metal  fragments  (3  grm.) 
are  evidently  from  one  original  j)iece,  and  show  along  one 
surface  the  rubbed  and  deformed  margin  produced  by  the 
helmet  penetration  (cf.  Fig.  624). 

The  two  examples  in  this  group  with  a  fatality 
from  pneumonia  are  as  follows.     In  the  first,  as  in  the 

case  just  recorded,  two  missiles,  a  primary  and  secondary,       pj^   Q25. Case  83. 

entered  by  the  same  wound.  Autopsy  findings. 

Case  84.— Pte.  S.  H.  R.  (Serial  No.  14). 

Aug.  1,  191X. — Lying-out  case  with  multiple  wounds  of  leg,  arm,  and  head. 
Condition  bad.     Penetrating  wound,  right  temporo-frontal. 

Operation, (24:  hrs.). 
— Novocain.  Tem- 
poral flap  ;  closure. 
Pneumonia.  Death 
on  4th  day. 

Autopsy . — Two 
tracks  lead  from  the 
wound  of  entrance, 
one  from  a  1-grm.  frag- 
ment of  helmet  (Fig. 
626)  into  the  right 
internal  capsule,  the 
other  from  a  0-6-grm. 
bit    of    shell    through 

ventricle  into  opposite  parietal  lobe  (Fig.  627).     At  end  of  each 
track  is  disorganized  brain,  but  no  abscess.     No   meningitis. 


Fio.  027. 


Fig.  020. — Case  84. 
Fragments  of  helmet  and 
shell,  both  penetrating 
(natural  size). 


-Case  84.     Showing  course  of 
shell  fragment. 
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The  second  of  these  pneumonia  cases  is  of  interest  from  the  fact  that, 
with  a  mid-Hne  penetration,  the  bone  fragments  were  showered  on  one  side, 
while  the  foreign  body  entered  the  other  side  of  the  falx. 

Crt.se  85. — Pte,  C.  G.  (Serial  No.  199).  Mid-line  frontoparietal  penetration, 
traversing  ventricle ;    missile  retained ;    death  from  pneumonia  lOth  day. 


1>     ftl    '()!   '7i    'HI    '9'     iio'i  ' 71   ' ;^|  J 91   '  1  h H 


Figs.  •»28.  629.  630. — Case  85.     Trepanation  block  from  directly  over  sinii.-i ; 
bone  fragments  and  small  missile  with  rubbed  surface. 


Oct.    22,    1917. — Admitted   without   history  :     uncon.scious  ;     breathing   badly. 
Resuscitation  ward  6  hours.     Mid-line  parieto-frontal  penetrating  wound.     X  rays 

show  missile  in  right 
occipital  base.  Neu- 
rological examina- 
tion unsatisfactory. 
Operation  (6  hrs.) 
—  Tri|X)d  incisions, 
exp>osing  small  pene- 
trating wound,  with 
elevated  plates  [of 
outer  table  as  in  a 
wound  of  exit  {Fig. 
62  8).  Trepanation 
en  bloc,  exposing  in- 
tact sinus  bridging 
a  tear  in  the  dura  on 
each  side.  Through 
opening  on  left  is 
a  5-cm.  track  with 
bone  fragments ;  on 
the  right  a  track  filled 
with  clot  and  pulped 
brain  leads  to  depth 
through  ventricle, 
which  was  complete- 
ly emptied  in  the 
Dichloramine-T.     Small 


Fig.  tJ31. — Case  85. 


Showing  tripod  incisions 
central  point,  sixth  day. 


woiuid  well  healed  to 


process  of  suction  ;    no  attempt  made  to  recover  missile 
catheter  left  in  track  ;    closure  to  central  point  (cf.  Fig.  631). 
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Oct.  23. — Consciousness  regained.  Lumbar  puncture  :  20  c.c.  bloody  fluid 
(culture  sterile).  Purulent  bronchitis,  with  excessive  secretion.  Catheter  withdrawn 
on  -tth  day  ;  wound  intact  ;  jmniary  healing  (Fig.  631).  Neurological  condition 
excellent,  but  continuance  of  pulmonary  symptoms  with  fever.     Death  on  10th  day. 

Autopsy. — Bronchopneumonia.  Track  in  right  hemisphere  leads  through 
ventricle  to  base  of  occipital  lobe,  where  is  a  foreign  body  in  a  small  encapsulated 
abscess.     No  meningitis  ;    no  ventriculitis. 

In  the  remaining  seven  cases  death  was  in  all  certainty  due  to  a  meningeal 
or  ventricular  infection.  The  opinion  has  been  expressed  that  small  foreign 
bodies  are  well  tolerated  and  should  be  left  to  work  out  their  own  salvation, 
and  the  investigation  of  late  cases  by  Tuffier  and  by  Holmes  has  been  inter- 
preted as  an  indication  that  these  cases  do  well.     It  is  true  that,  barring  an 

occasional  secondary  abscess,  they  do  well 
if  they  pass  by  the  stage  of  early  septic 
complication.  Unfortunately,  studies  based 
on  late  results  do  not  take  into  account  the 
large  percentage  of  cases  which  have  suc- 
cumbed early  ;  and  in  fact  these  early  septic 
complications  are  so  frequent,  that  one  may 
with  all  conservatism  follow  the  rule  'always 
remove  a  foreign  body  when  possible,  unless 
the  act  of  removal  is  likely  to  increase  the 
damage  already  made  by  the  penetration. ' 

In  many  instances  infection  had  become 
established  from  long  lying  out,  as  the  first 
of  the  following  cases  indicates. 
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Fig.  032. — Metal  fragments  from  Case  80. 


Case  86.— Sgt.  E.  R.  (Serial  No.  29). 

Aug.  3,   1917. — Lying  out  72  hours.     Penetrating  wound  of  frontal  by  three 
fragments  (Fig.  632)  of  driving  band  of  shell.     Probably  without  helmet. 

Operation. — Pulped  lobe,  with  clot  in  ventricle.     Two  metal  fragments  extracted 
by  magnet.     Closure.     Death 
in  24  hours. 

Autopsy.  —  Early  menin- 
gitis and  ventriculitis.  Frag- 
ments of  bone  in  ventricle, 
and  third  piece  of  metal 
beyond  it. 

Case  87.— Sgt.  R.  K. 
(Serial  No.  85). 

Aug.  31,  1917.— Multiple 
wounds.  Penetrating  wound 
under  helmet  :  left  orbito- 
temporal. Irrational.  Missile 
in  opposite  hemisphere.  Flap 
operation  ;  toilette  ol  track  ; 
bloody  cerebrospinal  fluid 
(culture  :  staphylococci) ; 
gutta-percha  drain.  Urotro- 
pin.  Sept.  2. — Lumbar  punc- 
ture :     20    c.c.    bloody    fluid 

(culture  sterile).     Purulent         f-„,_  o33.— C'a«f  87.    Sliouinf;  position  of  entrance  wound- 
bronchitis.      Sept.  3. — Perfect  witli  drain  and  flap  incision,  fourth  daj-. 
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healing  of  external  wound  (Fig.  633).  Continued  cough.  Better  for  following  two 
days,  then  sudden  rise  in  temperature,  and  death  on  8th  day,  with  evident  pneu- 
monia and  meningitis. 

Autopsy. — Track  runs  downward  across  brain, 
through   falx    and    ventricles,    to    small   0-9-gmi. 
fragment  in  centre  of  abscess  {Fig.  634).     Track 
infected  ;   ventriculitis  ;  meningitis  ;  consolidation     — 
of  entire  right  limg. 


Fio.  634. — Case  87.     Showing  track 
and  ^li^<.sile  (natural  ^ize). 


Case  88.— Sec-Lieut.  J.  H.  (Serial  Xo.  119). 

Sept.  20,  1917. — Minute  penetrating  wound 
in  auriculo-temporal  region,  with  chain  of  five 
small  metal  fragments.  Aphasia :  contralateral 
paralyses.  Careful  operation,  with  usual  treatment 
of  track  ;  missiles  not  secured.  Xo  improvement  in  condition  ;  fever.  Sept.  22. — 
Lumbar  puncture  :   bloody  fluid  under  tension  (cultures  sterile).     Death  on  4th  day. 

Autopsy. — Marked  comminution  of  petrous  bone,  with  meningeal  infection. 
Temporal  loljc  much  disorganized,  with  track  containing  bone  fragments  :  deepest 
missile  leads  into  left  ventricle,  which  is  full  of  seropurulent  fluid. 

Case  89.— Rfm.  H.  H.  A.  (Serial  Xo.  123). 

Sept.  20,  1917.  —  Xo  histor>-  obtainable  :  probably 
hing-out  case.  Irrational  ;  restless  :  irritable  ;  critical 
condition.  Penetrating  wound  of  left  tem{K)ral  ;  brain 
extruding.  Two  missiles  shown  by  x  rays,  one  in  left 
temporal,  the  other  in  right  occipital  lobe.  Operation, 
requiring  general  anrrsthetic.  I'sual  track  treatment  by 
suction.  Dichloramine-T.  Missiles  not  secured.  Death 
in  24  hours. 

Autopsy. — Septic  track  through  ventricle  and  brain 
to  outer  surface  of  opposite  occipital  lobe  ;  missile  sub- 
dural (fragment  lost).  Extensive  encephalitis  of  left  brain, 
with  secondary'  missile  (Fig.  635). 


Fig.  635.  — Case  89. 
Showing  track  and  poc<i- 
tions  of  two  fragments. 


Two 
brain 


Case  90— Pte.  W.  D.  X.  (Serial  Xo.  131). 
Sept.    22,     1917.  —  Deep    stupor.      Pulse    98. 
wounds,  right  parieto-temporal  ;   one  penetrating  ; 
extruding.     Xo  ar-ray  examination. 
Operation. — Evacuation  of  clots,  disorganized  lobe,  and  bloody  fluid.     Continued 
bleeding  from   depth  checked  with  difliculty.     Incomplete   closure.     Xo   return  of 
consciousness.     Death  on  5th  day. 

Autopsy.  —  Widespread  infection.  Track 
leads  across  brain  through  ventricles,  which 
are  distended  with  blood-clot.  SmaU  0-8-grm. 
bit  of  shell  lies  in  abscess  cavity  under  oppo- 
site meninges.  Blood-clot  in  all  cerebrospinal 
spaces  (Fig.  636).  ,  ^ 

Case  91.— Cpl.  R.  J.  H.  (Serial  Xo.  212). 

Oct.  27,  1917.  —  Wounded  24  hours  ago. 
Dull  and  disoriented.  Small  penetrating  wound 
of  left  occiput.  Brain  extruding.  X  rays  show 
small  missile  in  parieto-frontal  region,  mid-line 
(Fig.  637).  Right  homom-mous  hemianopsia. 
Papilloedema. 

Operation. — Usual  procedure  :  trepanation  en  bloc  ;  evacuation  of  clots,  pulped 
brain,  and  cerebrospinal  fluid  ;  suction  treatment  of  track  to  depth  of  15  cm.  ;  no 
bone  fragments  secured  ;    direct  drainage. 

Oct.  29. — Headache.  Lumbar  puncture  :  yellow  fluid,  sterile  on  culture. 
Oct.  31. — Lumbar  fluid  shows  streptococci.     Death  without  usual  high  temperature. 


Fig.  63C. — Case  90.     Showing  track 
through  ventricle,  and  missile  (natiu-al  size). 
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Autopsy. — Track  of  small  O-S-grm.  shell  fragment  (Fig.  637)  passes  from  tip  of 

occipital  lobe  through  left 
ventricle  and  falx  to  right 
frontal  lobe.  Ventricle  in- 
fected ;    basilar  meningitis. 


The  last  of  these  cases 
may  be  given  in  a  little 
more  detail,  for  it  shows 
how  long  a  patient  may 
hold  out  with  a  penetrated 
and  infected  ventricle. 


10^ 

Fig.  637. — Case  91.     From  x-ray  picture,  showing 
position  of  missile  (natural  size). 


Case  92. — ^Pte.  E.  H.  (Serial  No.  117).  Double  cranial  injury,  from  a  split  pro- 
jectile :  one  fragment  from  fron to-parietal  penetration  free  in  the  ventricle  ;  the 
other  lodged  In  parieto-occipital  vault,  with  depressed  fracture. 

Admission,  Oct.  9,  1917,  4  p.ni.^ — Woimded  at  11.30  a.m.  Wearing  helmet. 
Temporarily  unconscious  ;  recovered  and  walked  in  ;  headache  ;  vomited  once. 
General  condition  good  ;    conscious  ;    pulse  70  ;     normal  mentality. 

Wounds. — (1)  Lacerated,  gutter  tyj>e,  right  parieto-occipital  ;  (2)  Lacerated, 
penetrating   type,   right   parieto-frontal  ;     (3)  Left   scapular   injury.     ,Y   rays   show 


^   ••tnilft 
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Figs.    <i38,    <;39 — Case   92.     Block   from    posterior   lesion,    with   lodged   und 
burnished  missile  {Group  III  tyjje). 


posterior  depressed  fracture  with  superficial  missile  ;  anterior  fracture'^with  indriven 
bone  and  missile. 

Neurological  Findings. — Practically  nil.     Deep  reflexes  over  active,  but  equal. 

Operation,   10  p.m.  (11   hours). — ^Novocain. 

Anterior  woimd  :  Tripod  incision  (cf.  Fig.  640)  ;  trepanation  en  lAoc  :  all  frag- 
ments of  inner  table  missing.  Bleeding  arachnoid  artery  caught  vvith  silver  clips. 
Track  leading  across  hemisphere  to  falx.  Pulped  brain  and  several  bone  fragments 
removed  in  process  of  XLsual  toilette.  Escape  of  bloody  cerebrospinal  fluid,  with 
complete  lowering  of  tension.  Attempt  at  magnet  extraction  of  missile  unsuccessful. 
Dichloramine-T.     Closure  of  dura  and  scalp. 
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Posterior  wound  :  Tripod  incision.  Depressed  fracture  from  an  oblique  blow, 
with  lodged  8-3-grm.  shell  fragment  (Figs.  638,  639)  e\idencing  helmet  penetration. 
Trepanation  en  bloc.  Dura  found  punctured.  Evacuation  of  disorganized  brain. 
Closure  ;    no  drain. 

Oct.  12.— Troublesome 
bronchitis.  Temperature  re- 
mains elevated.  Extensive 
herpes  labialis.  Stiffness  of 
neck.  Lumbar  puncture, 
with  LO  c.c.  yellow  fluid 
(sterile  on  culture).  The 
scalp  incisions  in  good  con- 
dition (Fig.  640).  Oct.  14. — 
Mentality  remains  unim- 
paired ;  no  neurological 
symptoms,  but  evidently 
some  intracranial  infection. 
Puncture  repeated :  30  c.c. 
straw-coloured  fluid  (culture 
sterile).  Oct.  16.  — Con- 
tinued high  temperature 
(Fig.  641).  Xo  discomfort 
but  from   stiffness  of  neck. 


Fig.  «;40.     Case  92.     Scalp  wounds  on  third  da  v. 


Fig.  641. — Temperature  chart 
of  Case  92. 


Condition  of  external 
wounds  perfect  (Fig.  642). 
Oct.  17. — Death,  with  tem- 
perature of  106-5'. 

Autopsy.  —  Xo    evidence 
of  meningeal   infection. 

Contusion  of  hemisphere 
imder  the  posterior  wound, 
without  infection  ;  also  of 
fronto-parietal  track,  which 
leads  across  hemisphere  and 
penetrates  falx.  The  left 
ventricle  is  distended  with 
pyoserous  bloody  fluid,  with 
3-grm.  shell  fragment  I>ing 
free  in  posterior  horn  ;  it  shows  evidence  of  having  perforated  the  helmet.  The 
right  ventricle  is  without  evidence  of  infection.  The  foramen  of  Monro  appears  to 
be   sealed   (Fig.   643).     The  two   missiles   fit   together,  and  are   evidentiv  from  the 


p  wounds  on  seventh  da\- 
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Fig.  643. — -Case  92.     Diagrain.s  to  .sliow  course  of  split 
projectile  from  site  of  helmet  penetration. 


sanie  original  piece,  and  were 
probably  separated,  as  in  Case  63, 
during  passage  through  helmet. 

This  case,  like  others  in  the 
series,  shows  how  little  evidence 
of  what  may  be  taking  place 
in  the  track  within  the  brain 
is  given  by  the  appearance 
and  condition  of  the  external 
wound. 


Group     I'i/.— CRANIO-CEREBRO-FACIAL     INJURIES. 

The  sixteen  cases  comprising  this  small  group  are  put  in  a  separate 
category  with  some  misgivings.  Subsequent  studies  of  a  larger  series  may 
make  it  seem  unnecessary  to  separate  them  from  the  preceding  or  following 
groups  in  which  they  might  be  made  to  fall,  or  may  suggest  for  them  some 
still  better  disposition.  They  represent  injuries,  usually  of  a  severe  nature, 
in  which,  in  addition  to  a  wound  exposing  the  brain,  cither  the  ethmoid  cells 
and  nasal  sinuses  have  been  opened,  often  with  an  associated  injury  of  the 
orbit — a  cranio-cerebro-nasal  type  ;  or  the  ear  and  petrous  bone  have  been 
involved — a  cranio-cerebro-aural  type.  In  both  types  there  is  an  added  risk 
of  secondary  meningeal  infection  over  and  above  that  entailed  by  the  original 
implantation  of  infective  material  directly  in  the  wound. 

Admittedly  it  is  not  always  possible  to  sharply  demarcate  these  cases. 
Some  of  them  might  well  be  included  with  the  perforating  wounds  in  the 
following  section,  and,  on  the  other  hand,  examples  of  serious  injuries  to  the 
petrous  bone  with  dural  penetration  and  fatal  meningitis  have  been  included 
in  earlier  sections  (e.g.,  Case  88  in  Group  VI).  However,  in  the  long  run, 
the  cases  are  of  a  more  immediately  serious  nature,  and  are  associated  with 
woimds  which  pass  from  face  to  cranium  or  the  reverse.  Some,  particularly 
those  involving  the  orbito-frontal  region,  are  of  a  more  or  less  biu'sting 
character,  with  marked  elevation  of  large  bone  fragments,  as  will  be  seen. 

Included  in  "this  group  are  8  orbito-frontal  eases,  with  3  recoveries ;  and 
7  auro-temporal  cases,  Avith  1  recoAcrv.  The  mortality,  therefore,  was  73-3 
per  cent  among  this  small  number.  In  several  of  them,  recorded  as  operated 
cases  and  therefore  included  in  the  series,  the  i)rocedMrc  consisted  of  little  more 
than  the  mere  cleaning  up  of  the  external  wound  and  the  instituting  of  some 
form  of  irrigation  treatment. 

A. — Okbito-froxtal  Type  of  Chaxio-ckkebral  Ixii  ries. 

The  three  recoveries  were  as  follows.  The  first  of  the  cases  is  one  of 
comparatively  mild  type. 

Case  93. — Rfin.  K.  \,.  (Serial  Xo.  127).  Pronto-nasal  penetration,  with  Injury 
of  lonerltudinal  sinus  and  indriven  bone  fragments.    Operation.     Recovery. 

Admitted  Sept  21,  1917,  5.40  p.m. — No  history  obtainable,  owing  to  mental 
state.     Resuscitation  ward  over  night. 
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Condition,  Sept.  22,  9  a.m. — Restless  ;  unbalanced  mentality  ;  .pulse  66  ;  body 
warm,     (Almost  stone  deaf  from  childhood.) 

Wound. — Lacerated  mid-line  gutter  wound  of  scalp  5  cm.  long,  extending  down- 
ward to  glabella  ;  slightly  to  left.  X  rays  show  fracture  of  frontal,  with  bone  frag- 
ments indriven  ;   small  projectile  imbedded  in  ethmoid  on  level  of  nasion. 

Neurological  Findings. — Tossing  ;  mumbling  ;  responses  unintelligible.  Reflexes 
hyperactive  throughout.     Examination  otherwise  negative. 

Operation,  9  a.m. — Novocain.  Excision  of  scalp  wound,  exposing  perforation 
in  bone  just  above  frontal  eminences.  Trepanation  en  bloc,  with  removal  of  upper 
part  of  siniLses  {Figs.  644-646).  Extruded  brain,  filling  sinuses.  Dura  found  lacer- 
ated to  right  of  mid-line  ;  bleeding  from  longitudinal  sinus  easily  checked  by  silver 
clip.     On   cleaning   brain    and   clots  from    base  of  frontal  sinuses,   a   fracture   was 


Figs.  644,  645,  646. — Case  9X     Trepanation  block,  entering  frontal  .sinitses  ; 
from  three  a.spects,  with  mi.ssile. 


disclosed  entering  ethmoid  cells,  with  lodgement  of  a  small  1-6-grm.  projectile 
(Fig.  646)  :  surface  burnished  from  helmet.  Right  frontal  lol)e  underlying  dural 
laceration  considerably  pulped.  Suction  procedure,  with  recovery  of  fragments 
of  bone  at  3  cm.  depth.  Dichloramine-T  in  sinuses.  Partial  closure,  with  rubber 
catheter  drain. 

^  f  Post-operative  Course. — Infection  of  scalp  wound,  which  was  op>ened  at  upper 
end  and  drained.  A  considerable  rise  in  temjjerature  on  the  4th  day,  and  again  on 
the  17th  day  to  104°.  Otherwise  no  untoward  symptoms.  Abundant  discharge 
from  sinuses  ;  continued  use  of  dichloramine-T,  with  drain  until  Sept.  21,  when 
drains  were  removed  and  there  was  no  further  discharge.  No  apparent  mental 
symptoms.     Evacuated  Sept.  23  (31  days). 

Subsequent    Report. — Dec.    12,    1917    (letter    from    father). — At    King    George 
Hospital  since  Nov.  7.     Wound  healed  ;    up  and  about  ;    feels  well.* 

The  next  case  is  remarkable  for  the  large  projectile,  and  for  the  recovery 
after  a  badly  infected  and  complicated  wound. 


*  Since  these  notes,  the  boy's  father  reports  that  he  had  been  very  well,  but  after 
attending  a  concert  he  had  a  series  of  fits,  and  died  on  Jan.  4  in  status  epilepticus.  An 
autopsy  was  held,  and  showed  no  abnormalities  aside  from  the  healed  woimd  and  a  tubercu- 
lous spleen.     This  Avas  the  first  con\-ulsion  he  had  had. 
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Case  94. — Pte.  P.  T.  (Serial  No.  129).  Fronto-orbital  penetration  by  a  47-grm. 
projectile.    Gas  infection.    Operation.    Recovery. 

Admitted  Sept.  21,  1917,  6.45  p.m. — Transferred  for  operation  Sept.  22,  at  2.30 
p.m.,  circa  30  hours  after  injury. 

General  Condition. — Semi-conscious,  but  can  be  roused.  History  vague  :  thinks 
he  was  wounded  going  over  parapet  two  days  ago.  Helmet  perforated  (burnished 
projectile).  Body  warm  ;  pulse  80  ;  temperature  100°.  No  irritability  or  rest- 
lessness. 

Wound. — Circi.lar  ;  left  frontal  eminence  ;  occluded  by  extruding  brain  with  a 
gassy  odour.  Protrusion  and  ecchymosis  of  left  eye.  X  rays  show  large  foreign 
body  partly  imbedded  in  orbit  {Figs.  647,  648). 


[FiG.^047. — Case  94.     Lateral  a^-ray  photograph. 


Fig.  048. — Case  94.     Frontal  a;-ray  photograph. 


Neurological  Findings. — No  mental  disturbance  apparent.  Marked  exophthal- 
mos of  left  eye,  with  blindness  and  immobility  of  globe  ;  pupil  dilated  ;  ptosis  of 
lid.     Increased  deep  reflexes.     Patient  right-handed. 

Operation,  2.30  p.m.  (30  hours). — Novocain.  Tripod  incision  ;  trepanation 
en  bloc  (Fig.  649).  Complete  absence  of  fragments  of  inner  table  ;  radiating  lines 
of  fracture  pass  down  across  the  frontal  bone.  Large  opening  in  dura  occluded  by 
stinking  fungus,  which  was  blunt-spooned  away.  Track  leads  at  3-cm.  depth  to 
upjx^r  end  of  missile,  which  was  wedged  too  securely  for  withdrawal.  Fragment 
loosened  by  magnet  and  withdrawn  ;  extremely  foul  odour  ;  weight  47  grm.  ; 
corners  of  the  lower  end  burnished  by  passage  through  helmet  {Fig.  650).  Track 
cleansed  by  suction  method,  including  the  entire  pulped  tip  of  lobe  ;  several  bone 
fragments  removed.  Opening  the  size  of  a  sixpence  through  broken  roof  of  orbit  ; 
orbital  fat  crushed  and  infected.  Large  cavity  filled  with  cotton  pledgets  dampened 
with  dichloramine-T.  Partial  closure  of  incisions  ;  direct  drainage.  Cultures  :  B. 
perfringens  and  staphylococci  ;    no  streptococci. 
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Post-operative  Course. — For  two  or  three  days  the  wound  looked  very  badly, 
and  for  a  week  retained  its  foul  gassy  odour.  The  fresh  incision  became  infected, 
and  had  to  be  opiened  and  drained  {B.  perfringens).     The  temperature  remained  low 


Figs.    tJ49,   050. — Case  94.     Trephine   block  and  missile   (natural  size), 
nibbed  edges  from  helmet  fienetration. 


showing 


from  the  out.set  (Fig.  651).  The  fungus  became  covered  with  a  slough,  and  great 
difficulty  was  experienced  in  securing  proper  drainage  from  the  infected  orbit,  as 
the  fungus  tended  to  occlude  the  wound.  E\'ery  second  day  for  ten  days  a  lumbar 
puncture  was  necessary  in  order  to  collapse  the  fungus  sufficiently  to  expose  the 


aa  I   I  2.  I  3  I  A-l  5     6    7  18    9     lo    II    12    13    1^1 15    I6   17    18    19  20  Zi  1 22_  23_Z_4J 

««:  "     tp      ""     '1"     '!"   T»^    t  «  J^  «     I-     in     tm     t  ■     f     t«     t  .     t  ■■     I*     c'»     t»     c.     c  ■»      t  1     g^   iJL-U' 


76  78   SU  72  80  72.  72 
80  90  86  80  7e  83  80 


6  U7BJ9  70  90  SO  78 


70  90  Bit  88  80  80  80 


12  23  J_4Ji_26 


8U  92  8L  go  82  92  »2 
"80  74' 88  96  80  8S  80 


«A_84J7O^80  76 
70  76   8iO  iU  7Ai 


Fig.   ijol. — Temperature  chart  of  Case  94. 


opening  into  the  orbit  (Fig.  652)  and  permit  the  placement  of  proper  drainage.  The 
fluid  was  always  clear  and  sterile.  Dichloramine-T  was  used  throughout  ;  the 
sloughs  finally  separated,  and  by  the  20th  day  the  fungus  began  to  subside.  Finally 
the  wound  was  grafted.  Patient  was  evacuated  in  excellent  condition  on  the  45th 
day,  after  being  up  for  ten  days. 

Subsequent  Report. — Nov.  14,  Xo.  16  General  Hospital. — '*  Xo  positive  clinical 
e\idence  of  damage  to  frontal  lobe  ...  left  blindness  with  optic  atrophy  ;  ptosis  ; 
paralysis  of  the  sujjerior  rectus  muscle  ...  no  other  neurological  abnormalities 
Evacuated  to  England."     Xo  subsequent  report. 
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This    example    of  gas  infection   speaks  well   for  the  open  treatment  of 

such  conditions 
with  dichloramine- 
T.  It  is  possible 
that  some  of  the 
(lifliculties  of  after- 
treatment  might 
have  been  over- 
come had  an  im- 
mediate enucle- 
ation of  the  eye 
been  performed, 
with  direct  drain- 
age through  the 
roof  of  the  orbit. 

In  the  follow- 
ing case  the  orbito- 
frontal  injury  was 
received  in  the 
other      direction — 


Fig.  (,o-2.^Case  94. 


Showing  collapse  of  fungus  aftci'  lumbar  puncture, 
giving  access  to  orbit. 


through     orbit     to 
frontal   lobe. 


Case    95. — Pte.    S.    B.    (Serial    No.    139).    Orbito-fronto-cerebral  penetration  by 
53*2-grm.  shell  fragment.    Recovery. 

Admission  Sept.  26,  1917,  4.30  p.m. — Injured  9  hours  before.     Missile  passed 
under  helmet  ;    knocked  down  ;    no  loss  of  consciousness.  j 

General    Condition.  —  Good.      Patient    con- 
scious and  rational.     Pulse  80.  ^ 

Wound. — Irregular  lacerated  ;    in  region  of 
left  evebrow  ;  lids  swollen  and  closed.     Narrow 


Fig.  fio3. — Case  95.     Frontal  radiogram. 


Fig.  654. — Case  95.      Lateral  radiogram. 


bridge   of    upper  lid    remains   intact    (cf.   Fi^.   6.56).      -Y-ray  report :  "  Large    metal 
fragment  in  orbit"'  (Figs.  653,  654). 

Neurological  Findings. — Negative. 

Operation,' 7  p.m.*  (12  hours). — Novocain.     Slight  enlargement  of  wound,  without 
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Fig.  (>55. — Projectile  from  Case  95  (natural  size). 


excision.  Extraction  of  large  53-2-grm.  missile  (Fig.  655),  which  had  passed  through 
supraorbital  ridge  and  become  securely  wedged  deep  in  orbit  (chloroform  necessitated 
tor  its  extraction).  Roof  of  orbit  had 
been  torn  away,  widely  exposing  base 
of  frontal  lobe,  from  site  of  supra- 
orbital notch  through  frontal  sinuses 
and  inwards  to  the  anterior  ethmoid 
region.  Enucleation  of  collapsed  eye- 
ball.    Dichloramine-T  :  full  drainage. 

Post-operative  Course. — Daily  dres- 
sings of  wound  (Fig.  656).  Recovery 
uncomplicated,  except  for  an  oculo- 
motor paralysis  of  the  right  eye  which 
appeared  about  the  10th  day.  Highest 
temperature  IW.  Protruding  brain 
well  healed  over.  Evacuated  Oct.  23. 
Subsequent  Reports. — -No.  12  Gene- 
ral Hospital. — Had  received,  Sept.  26, 
1000  units  antitetanic  serum.  No 
second  injection.  Developed  tetanus, 
Oct.  30.     Recovered.     Evacuated  to  England,  wound  healed,  good  condition,  Nov.  8. 

Feb.  21,  1918  (bv  letter  from 
Medical  Officer,'  Bath  War 
Hospital).  —  After  discharge 
of  bone  fragments,  left  eye 
has  practically  healed  ;  nor- 
mal movements  regained  in 
right  eye  ;    good  condition. 

The    Fatal    Cases.— 

The  other  five  cases  which 
fall  in  this  cranio-cerebro- 
nasal  category  all  suc- 
cumbed ;  most  of  them 
were  hopeless  from  the 
outset.  The  histories  fol- 
low. In  the  first,  a  large 
unsuspected  abscess  formed 
in  the  relatively  undam- 
aged  hemisphere. 


Fig.  656. 


?a»e  95  on  tenth  dav. 


Case  96. — Sgt.  C.  C.  (Serial  No.  50).  Multiple  wotrnds.  Large  shell  fragrment 
penetrating  frontal  region,  with  elevation  of  area  of  sinuses.  Cerebral  abscess. 
Death  4th  day. 

Admission,  Aug.  14,  1917,  6.15  p.m. — Insists  that  he  was  wounded  two  days 
before,  and  that  he  made  his  way  back  alone  to  aid  station.  Has  had  vomiting 
and  headache. 

General  Condition. — No  apparent  shock  ;  pulse  80  ;  replies  with  intelligence  to 
questions.  i 

Wounds. — (1)  Large  circular  ragged  penetrating  wound  of  entrance  at  angular 
process,  right  frontal  ;  brain  and  clots  extruding  ;  some  fresh  bleeding  ;  ecchymosis 
of  eyes  ;  palpable  loose  fragments  of  frontal  area  ;  (2)  Gutter  wound  of  scalp  above 
left  ear  ;  (3)  Penetrating  wound  of  chest  through  right  shoulder  ;  (-4)  Penetrating 
wound  of  arm  ;  (5)  Penetrating  wound  of  right  cheek.  AT-ray  picture  (Fig. ^657) 
of  head  shows  large  projectile  in  mid-frontal  region  ;  extensive  fracture,  with 
elevation  of  frontal  area. 
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W  Neurological  Findings. — Easily  roused,  and  responds  readily,  though  somewhat 
hazily.     No  disorientation  or  other  mental  loss  observable. 

Operation,  11  p.m.  (?  48  hours). — 
Novocain.  Repair  of  extensive  fracture  ; 
entire  upper  portion  of  frontal  sinuses 
found  elevated  and  completely  detached ; 
area  removed,  with  large  50-grm.  missile 
(Fig.  658).  Radiating  lines  of  fracture 
run  backward,  with  many  loose  plates  of 
bone  :  left  in  place.  Ragged  tear  in  dura 
over  right  frontal  lobe  ;  much  disorgan- 
ized brain  cleaned  away.  Wound  left 
oi)en.     Carrel-Dakin  treatment. 

Aug.  17. — Very  good  condition  for 
first  three  days.  Daily  dressings.  Cul- 
tures from  wound  surface  showed  B.  per- 
fringens  in  abundance,  but  there  was  no 
tendency  to  f ungate.  Temperature  99° 
to-day  ;  pulse  110.  Aug.  18. — Some  head- 
ache. Limibar  puncture  :  fluid  clear,  and 
straw-coloured  (ctilture  negative).  No 
clinical  evidence  of  meningitis.  Later  in 
the  day  became  unconscious  ;  temperature 
rose  to  105°.  Condition  unexplained. 
Death. 

Autopsy.  —  On  removing  brain,  no 
evidence  of  meningitis.  Surface  of  the 
damaged  right  frontal  lobe  covered  by 
suj>erficial  slough,  at  back  of  which  the 
hemisphere  appears  normal.  The  left 
frontal  lobe,  however,  is  occupied  by  a 
huge,  partly  encapsulated  abscess,  extend- 
ing back  almost  to  the  Rolandic  area, 
and  leaving  only  a  thin  shell  of  brain. 
This  abscess  communicated  with  woimd 
through  a  small  pimctured  opening  in  the  dura  at  the  anterior  tip  of  the  lobe  ; 
puncture  not  observed  at  the  operation. 


Fig.   657. — Case  96.      Radiogram  (one-half 
natural  size). 


\r{A 


Fio.  658. — Case    96.     Showing  detached    block   of    supra -orbital    region, 
with  50-grm.  proiectile  (natural  size). 


The  following  is  an  example  of  an  unpromising  condition  for  which,  after 
a^period  of  procrastination,  one  may  at  times  be  encouraged  to  intervene, 
despite  the  seemingly  hopeless  outlook. 
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Case  97. — L.-Cpl.  T.  K.  (Serial  Xo.  79).  Severe  orblto-frontal  perforating  wound 
ftt>ni  rifle  ball.    Gas  encephalitis.    Death. 

Admission,  Aug.  27,  1917,  7.10  p.m. — History  unreliable  :  says  he  was  wounded 
three  days  ago  and  has  been  lying  out.  Case  regarded  as  unoperable  :  sent  to 
resuscitation  ward. 

General  Condition,  .\uw.  28,  3  p.m. — Good  ;    conscious  ;    warm  ;    pulse  80. 

Wounds. — Small  entrance  wound  over  left  malar  eminence.  Eye  completely 
pulped.  Large  stellate  wound  of  exit  over  right  supra-orbital  area  {Fig.  659),  with 
extruding  brain  and  bone.  A'  rays  show  fracture  through  sinuses,  with  elevation 
of  fragments  :    two  small  projectiles  in  antrum. 

Xeiirological  Findings. — Memory  very  defective.  Orientation  much  impaired. 
Listless  and  vague  in  answers  ;    irritable.     Xo  paralyses. 


Fi. 


lu  lutr  wovind  tjefore  operation. 


Operation,  3  p.m.  (circa  48  hours). — Xovocain.  Repair  of  ragged  frontal  wound, 
with  removal  of  large  pieces  of  dislodged  sinuses  and  a  small  bit  of  jacket  of  rifle 
ball.  Ver\'  large  opening  in  dura  3  cm.  in  diameter,  from  which  bleeding  and 
lacerated  brain  extrudes.  Track  leads  through  ethmoid  region  into  orbit.  Eye- 
ball, which  had  been  traversed,  enucleated.  Xo  attempt  at  closure.  Carrel-Dakin 
treatment. 

Aug.  30. — Complete  loss  of  inhibitor^'  faculties  ;  singing  ;  restless  ;  reaching 
for  imaginary  objects  :  impossible  to  keep  him  in  bed  or  to  keep  an  intact  dressing. 
Death  Aug.  31,  with  temperature  of  103°. 

Autopsy. — Both  frontal  lobes  pulped  and  disintegrated,  and  entire  anterior  half 
of  right  hemisphere  softened  and  haemorrhagic.  Odour  of  gas  infection.  Linear 
fractures  pass  from  large  anterior  defect  back  as  far  as  parietal  eminences. 

The  following  was  a  similar  and  equally  desperate  case.  ^Wth,  however, 
a  temporary  promise  of  recoverv'. 

Case  98. — Sig.  G.  F.  (Serial  Xo.  114).  Orbito-frontal  perforating  wound  with 
large  cerebral  hernia.    Death  6th  day. 

Admission,  Sept.  20,  1917,  11.30  a.m.  —  Xo  reliable  history  was  obtainable. 
Irrational  ;   disoriented  for  time  and  place  ;   quiet.     Condition  good.     Pulse  64. 

Wounds. — Multiple.  Small  wound  of  entrance  in  left  temporal  region  (Fig.  660), 
with  exit  through  orbito-frontal  area,  destroying  eye  ;    large  cerebral   herniation. 

VOL.    v.  —  NO.    20.  "^7 
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Additional  wounds  of  right  scalp  and  right  shoulder.     X  rays  show  extensive  fissures 
of  frontal  and  jjarietal  bones. 

Neurological  Findings. — Aside  from  disordered  mentality,  no  |)ositive  findings. 
Operation,  2  p.m.  (circa  6  hours  '?). — Chloroform.     Enucleation  of  collapsed  eye- 
ball ;    removal  of  free  fragments  of  bone  from  orbit  ;    frontal  and  ethmoid  sinuses 

widely  opened.  Wound 
Carrelized,  tubes  being 
led  in  through  wound 
of  entrance. 


Fig.    600.- 


-Case    98.      Showing   wound   entrance   and   exit, 
before  operation. 


Fig.  (iOl. — Temperature 
chart  of  Case  98. 


Post-operative  Course. 
— Condition  remained 
very  promising  for  three 
days,  despite  the  con- 
tinued extrusion  of  large 
amounts  of  cerebral  sub- 
stance into  the  orbital  cavity.  A  marked  rise  in  temperature  occurred  on  Sept.  24 
(Fig.  661),  and  death  the  following  day. 

Autopsy. — Extensive  basilar  meningitis,  apparently  due  to  fissured  cribriform 
plate  causing  tear  in  overlying  dura.     No  evident  cerebral  oedema  or  encephalitis. 

The  next  case  exemplifies  further  the  chief  hazards  of  these  low  frontal 
injuries — namely,  a  fracture  of  the  ethmoid,  with  a  meningo-nasal  communica- 
tion. 

Case  99. — Pte.  D.  H.  (Serial  No.  90).  Fronto-orbltal  gutter  wound ;  laceration 
of  dura;    fracture  of  ethmoid.    Cerebrospinal  rhinorrhcea.    Pneumococcus  meningitis. 

Admission,  marked  '  urgent,'  Sept.  3,  1917. — Bleeding  from  wound  ;  anaemia  ; 
irregular  feeble  pulse  ;  profoundly  unconscious  ;  cold  and  wet.  Immediate  opera- 
tion. 

Wound. — Gutter  type  (Fig.  662),  vertical,  through  fronto-orbito-temporal  region  ; 
no  brain  extruding. 

Operation. — Excision  of  scalp  wound,  with  ligation  of  bleeding  vessels.  Gutter 
wound  of  frontal  angle,  with  large  indriven  piece  of  bone  widely  lacerating  dura  ; 
radiating  lines  of  fracture.  Malar  bone  entirely  dislodged,  with  fractures  of  zygoma 
and  external  orbital   plate.     Partial  closure  ;    drainage. 

Sept.  4. — Cerebrospinal  rhinorrhcea ;  evident  meningitis,  probably  pneumo- 
coccal. Lumbar  puncture,  with  only  3  c.c.  fluid  obtained  (culture  :  pneumococcus). 
Death  in  48  hours. 

Autopsy. — Several  lines  of  fracture  radiate  from  defect,  and  cross  cribriform 
plate  to  opposite  side.  Extensive  basilar  meningitis,  spreading  chiefly  over  right 
hemisphere. 
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The  remaining  ease  in  this  jorroiip  properly  belongs  among  the  perforating 
cases,  where  one  very 
much  like  it  {Case  109) 
will  be  found.  The 
wound  traversed  the 
orbito-nasal  region, 
much  as  in  the  at- 
tempted-suicide type  of 
woiuid,  with  division  of 
the  optic  nerves.  The 
case  is  placed  here,  how- 
ever, as  the  ultimate 
fatality  was  due  to 
an  ascending  infection 
from  the  nasal  cavity. 
Nothing  more  than 
slight  enlargement  of 
the  wound  of  entrance, 
with  drainage,  was  |x>s- 
sible;  and  such  a  case 
might  with  some  jus- 
tice be  omitted  in  quot- 
ing statistics  of  an  operative  series,  were  it  proper  to  eliminate  any  case 
whatsoever. 

Case    100. — Rfm.   J.    T.    (Serial   No.    132).     Perforating  temporo-orbital  wound. 

Fracture  of  ethmoid.    Temporizing  operation.    Death  10th  day. 

Sept.  20,   1917.— .\n  8-grm.   shell  fragment   (Fig.  663)   passed   from  the  right 

temporal  region,  just  grazing  the  pinna,  to  the  left  orbit,  where  it  lodged  in  the  upper 
lid.  The  patient,  profoundly  unconscious,  was  regarded  as 
moribund,  and  no  operative  measures  were  undertaken  till  the 
third  day,  when  the  wound  of  entrance  was  repaired,  the  track 
sucked  clear  of  clot  and  dis- 
organized brain,  and  the  missile 
removed  from  the  left  eye.  Con- 
trary to  all  exf)ectations,  he 
survived  until  the  10th  day,  and 
succumbed  to  a  pneumococcus 
meningitis. 

Autopsy.  —  The  track  led 
across  the  base  of  the  right  tem- 
IX)ral  lobe,  and  passed  through 
the  sphenoid  and  ethmoid  into 
the  left  orbit  ;  both  optic  nerves 
were  di\ided  {Fig.  664).  Ex- 
tensive basilar  meningitis. 


Fig.   662. — Cast  99.     Showing  wound  before  operation. 


Fig.  663. — Case  100. 
8-grm.  unrubbed  shell 
fragment. 


Fig.  664. — Case  100.     Show- 
ing course  of  projectile. 


It   is   possible  that  Dakin's  disclosure  of  the 
antiseptic  value  of  dichloramine-T  when   sprayed 
on  the  nasal  mucous  membrane,  may  make  this 
an  invaluable  routine  procedure  in   all   basal  fractures  involving  the  cribri- 
form plate. 
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B. ^AURO-TEMPORAL   TyPE    OF   CrAXIO-CEREBRAL    INJURIES. 

In  this  type  the  percentage  of  fatalities  was  still  higher,  there  being  only 
one  recovery.  As  in  the  foregoing,  where  infection  extended  from  the  nose, 
so  here  the  chief  danger  lies  in  the  extension  of  a  septic  process  throngh  a 
lacerated  dnra  from  the  middle  car  when  the  petrons  bone  has  been  seriously 
injured. 


Multiple    wounds      Severe    ^rutter 


Case  101.— Pte.  C.    J.  L.   (Serial  No.   118). 
^vovind  of  risht  auro-temporal  region.    Recovery. 

Admission,  Sept.  20,  1917,  6  p.m. — Injured  four  hours  earlier  by  high-explosive 
shell.     Temporary  imconsciousness.     Severe  headache.     Considerable  shock. 

Wounds. — Multiple   small  wounds  of  right  face   and  neck,  with  severe  gutter 
fracture  across  lower  temporal  and  zygomatic  regions  (Fig.  665)  ;   muscle  lacerated  ; 

brain  extruding. 
Lacerated  wound  of 
left  arm.  Com- 
pound fracture  of 
left  forearm.  JY^rays 
show  no  missile. 

N  eurological 
Findings.  — ■  Marked 
nystagmus ;  appar- 
ent weakness  (cere- 
bellar?) of  left  side. 
Deep  reflexes  ac- 
tive, but  equal.  No 
mental  disturbance. 
Operation,  12 
midnight  (10  hrs.) 
Chloroform.  Rapid 
repair  of  all  wounds. 
Mere  edges  of 
temporal  wound 
refreshed,  with  re- 
moval of  fragments 
of     squamous     and 


Shovvinp 


ti'i"  pre])arati<)ii  for  operation 


No  attempt  at  closure. 


petrous    bones. 

Bleeding    from    ex- 

Dichloramine-T.     Gutta-percha 


tensive  fungus  controlled, 
dressing. 

Post-operative  Course. — Wound  remained  clean;  highest  temperature  101°; 
considerable  discharge  of  sero-purulent  fluid  (cerebrospinal  ?)  from  ear  for  ten  days. 
The  necrotic  surface  of  the  fungating  area  finally  became  covered  by  the  folding 
down  of  a  flap  of  the  torn  temporal  muscle.  Discharged  on  21st  day  :  wound  nearly 
healed. 

Subsequent  Report.— Oct.  21,  No.  7  General  Hospital. — No  neurological  sym- 
ptoms ;    small  granulating  area  ;    evacuated  to  England. 

The  Fatal  Cases. — The  following  two  eases  arc  very  similar  to  the 
foregoing,  but  with  a  less  happy  outcome. 

Cwie  102.— Pte.  W.  S.  (Serial  No.  81). 

Aug.  28,  1917. — ^Severe  multiple  wounds— head,  forearm,  thigh.  Lying  out  24 
hours  ;  [)oor  condition.  Lacerated  wound,  major  tyjje,  across  left  temporo-aural 
region,  completely  dividing  pinna  and  fracturing  tem|>oral  and  jietrous  bones. 
.Makeshift   repair   under   chloroform.  .  Cheyne-Stokes   breathing  and   final   cessation 
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of  respiration    followed   operation  :     breathing    resumed    after    prolonged    artificial 
respiration.     Death  on  3rd  day  :    symptoms  of  meningitis. 

Autopsy. — Deeper  fragments  of  petrous  bone  penetrating  dura  ;  temporal  lobe 
greatly  contused  ;    extensive  leptomeningitis  spreading  from  this  area. 

Case  103.— Pte.  A.  M.  (Serial  No.  21). 

Aug.  2,  1917. — Rifle  ball  passing  under  helmet.     Wound  en  siton,  left  temporal 
region  ;    entry  near  external  angular  process  ;    exit   above  mastoid.     Considerable 
shock.     Aphasia.     Very  difficult  bloody  operation  ;  frac- 
tures   of    squamous    and    jietrous    bones,     with    deeply 
indriven     fragments  ;     bleeding     meningeal  ;     extensive 
laceration  of  temporal  lobe.     Partial  closure. 

Fungus  cerebri  with  secondary  haemorrhage  on  6th 
day.  Enormous  fungus  gradually  cleaned  up.  and  tem- 
perature was  normal  till  20th  day  ;  sudden  meningeal 
symptoms.     Death  on  .Aug.  27  (26th  day). 

Autopsy. — Purulent  meningitis  :  septic  track  contain- 
ing bone  fragments  leading  through  tem{)oral  lobe  {Fig. 
666).  Lateral  ventricle  drawn  out  into  hernia  and 
opened.  Ventriculitis.  Septic  thrombosis  of  lateral  sinus 
and  jugular  bulb. 

The  following  three  are  examples  ot  penetrating 
rather  than  gutter  wounds  of  the  region. 

Fig.   mia.—Caae  103.     Show- 

Case  104.— D\T.  J.  E.  J.  (Serial  No.  3).  »"g  *^°"^  «^  projectile. 

July  25,  1917. — Wounded  previous  day.     Admitted 
cold  and  pulseless,  with  double  cranial  wounds  :    (1)  Supra-orbital  ;   (2)  Penetrating 
wound    of    right    mastoid.      Resuscitation    therapy.      July   26. — Signs   of    faUing ; 
Cheyne-Stokes  respiration  :  choked  disc  of  2  D. 

Operation. — Ether.  Subtemporal  decompression  as  last  resort  ;  right  mastoid 
and  petrous  bones  badly  fractured,  with  embedded  shell  fragment,  torn  dura,  cerebral 
extrusion,  and  sigmoid  sinus  thrombosis  ;    wound  left  open. 

Marked  improvement  for  three  days  ;  bronchopneumonia  ;  meningitis.  Death 
at  6  p.m.  July  30  (6th  day). 

JlM/opsf/.— Extensive  laceration  of  lower  right  occipital  lobe  containing  indriven 
bone  fragments  ;  extensive  disorganization  of  right  cerebellar  hemisphere.  Mastoid- 
itis ;    septic  sinus  thrombosis  ;    meningitis  of  posterior  fossa. 

Case  105.— Pte.  H.  D.  (Serial  Xo.  155). 

Sept.  28,  1917. — Lacerated  wound  over  left  mastoid,  received  pre\ious  day. 
Marked  dizziness  ;  nystagmus  ;  some  ataxia  on  right  side.  Operation  showed 
depressed  fracture  of  mastoid  region,  with  injured  sinus  and  punctured  dura  ;  wound 
left  open.  Early  meningitis.  Lumbar  puncture  (Gram-positive  cocci  in  pairs). 
Death  in  4  days. 

Autopsy. — Mastoiditis  ;  septic  sinus  thrombosis  :  purulent  leptomeningitis  ; 
marked  contusion  of  lower  part  of  temporo-sphenoidal  lol)e. 

Case  106.— Cpl.  R.  W.  (Serial  Xo.  34). 

Aug.  3,  1917. — Penetrating  wound  through  right  external  auditory  meatus. 
Shock  ;  resiLscitation  ward.  Pressure  symptoms  ;  unconscious  :  pulse  112  :  respi- 
ration 44,  Cheyne-Stokes  ;  pupils  dilated  ;  right  facial  paralysis.  X  rays  show 
missile  in  left  cerel)ellum. 

Operation,  3  p.m. — Xo  anaesthetic.  Flap  procedure,  with  exposure  both  of 
temporo-occipital  and  right  cerebellar  regions  ;  many  loose  fragments  of  petrous 
bone  removed  ;  internal  ear  opened  ;  cerebellar  dura  tense  :  incised  ;  lobe  much 
lacerated  ;    clots  removed  ;    missile  not  detected.     Death  at  8.30  p.m. 

Autopsy. — Inferior  temporal  lobe  and  right  cerebellum  greatly  pulped.  Petrous 
bone  almost  entirely  blown  out  ;     two  large  fragments  had  been  driven  with  the 
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missile  {Fig.  667)  across  the  cerebellum  just  above  the  brachium  pontis,  and  lay  in 
the  left  cerebellar  hemisphere  {Fig.  668). 


Fig. 


6()8. — Case   106.      Showing  course 
and  position  of  missile. 


The  last  of  these  cases,  though 
bizarre  owing  to  the  character  of 
the  secondary  projectile,  was  typical 
of  the  groiiiD,  in  so  far  as  the  charac- 
ter of  the  fracture  was  concerned. 
The  meningeal  infection  was  in  all  probability  from  a  direct  implantation 
rather  than  due  to  an  extension  from  an  infected  inner  ear. 


Fig.  fi67. — Case  106.     Missile  and  loose  fragments 
of  f)etrous  bone  removed  at  operation. 


Case  107.— Pte.  H.  T.  O.  (Serial  No.  82). 

Aug.    28,    1917. — From   resuscitation   ward  :     history   unobtainable.     Condition 
bad  ;    semi-conscious.     Multiple  wounds  of  right  side  of  head,  right  elbow,  right  leg, 

all  containing  indriven  foreign 
bodies.  A  cerebrospinal  -  fluid 
leak  from  deep  gash  over  right 
zygoma.  X-ray  picture  of  head 
shows  13  missiles  of  varying 
character  and  size  :  one  long 
hooked-shaped  object  embedded 
in  petrous  bone. 

Operation. — C  hloroform. 
Excision  of  temporal  wound  ; 
skull  fractured  by  penetration 
of  long  brass  object  (part  of 
equipment.  Fig.  669)  which  has 
entered  temporal  lobe  its  full 
length  ;  fluid  escapes  along  this 
track  ;  fragments  of  indriven 
squamous  and  petrous  bones 
removed,  exposing  the  entire 
inner  ear  ;  thorough  drainage  ; 
repair  of  other  wounds. 

Aug.  30.^ — Cessation  of  fluid 

leak    for    24    hours,   with    signs 

of  meningitis.    Ventricular  punc- 

Aug.  31. — Lumbar  puncture  : 
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ilo 


Fig.  669. 


-Case  107.     Fragment  of  petrous  bone  and 
multiple  foreign  bodies. 


tures  :  20  c.c.  turbid  fluid  (culture : 
turbid  fluid  (pneumococci).     Sept.  1. 


pneumococci) 
-Exitus. 
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Autopsy. — Lines  of  fracture  extend  into  petrous  bone  and  orbital  plate  ; 
temporal  lobe  pulped  and  hsemorrhagic  ;  also  right  cerebellum  ;  extensive  basilar 
meningitis. 

One  recovery  in  seven  cases,  an  85-7  per  cent  mortality,  can  hardly 
represent  the  actual  figures  for  this  variety  of  cranio-cerebro-aural  lesions. 
A  trustworthy  estimate  cannot  be  based  on  figures  so  small.  They  serve, 
however,  to  point  out  the  seriousness  of  injuries  which  involve  an  area  that 
cannot  be  easily  approached,  and  which  harbour  infections  that  can  readily 
extend  into  adjacent  torn  meninges.  Doubtless  better  methods  of  dealing 
with  them  can  be  evolved. 


Group  VIII. — WOUNDS     TRAVERSING     THE     CRANIAL     CHAMBER. 

In  its  typical  text-book  form,  as  illustrated  in  the  diagram  (p.  563),  few 
examples  of  cranial  perforation  occurred  in  the  operative  series.  Victims  of 
perforating  wounds  of  the  bipolar  variety  who  sur\ived  to  reach  the  casualty 
clearing  station  were  usually  moribund  on  admission,  and  later  in  the  season, 

as  the  lines  advanced  and 
recover}'  of  the  wounded 
became  still  more  delayed, 
few  of  them  were  seen. 

As  will  have  been  ob- 
served, cases  in  which  the 
missile    actually    traversed 
the   cranial    chamber,    but 
stopped     short     of     emer- 
gence, were  recorded  among 
the  penetrating  woiuids  in 
Group     V.      Cases,     more- 
over,    which     with     more 
reason  might   be   regarded 
as  true  examples  of  perfora- 
ting wounds,  have  been  in- 
cluded with  the  cranio-cere- 
bro-facial   tyj>e  of   injuries 
in  the  preceding  section. 
Thus  narrowed  down,  the  present  group  contains  only  5  cases,  with  but 
1  recoven^'  (mortality  80  per  cent).     The  single  recoven*'^  was  an  example  of 
'bow-string'  perforation  similar  to  that  given  in  Case  103,  though  the  level  of 
injury  was  higher  in  the  vault.     The  case  follows. 

Case  108. — Pte.  C.  B.  (Serial  Xo.  158).  Right  temporo-parietal  arc  perforation. 
Operation.    Recovery. 

Admission,  Sept.  29,  1917,  5  a.m. — Xo  history  ;  semi-conscious  ;  vomiting  ; 
shock.     Resuscitation  ward. 

Wounds. — Entrance  and  exit,  of  seton  character  (Fig.  670)  ;  brain  extruding. 
X-ray  rejwrt  :    "  Indriven  bone  fragments  :    no  missile."" 

Neurological  Findings. — Examination  unsatisfactory,  though  e\ident  weakness 
of  left  face,  arm,  and  leg  ;  tendency  to  conjugate  deviation  of  head  and  eyes  to 
right  ;  deep  reflexes  brisk,  equal,  without  clonus  ;  no  plantar  response  on  left, 
normal  on  right. 


Fig. 


\Voiinfl~  \>eir-: 
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Operation,  3  p.m.  (circa  12  hours). — Novocain.     Tripod  incisions,  with  inclusion 
of  scalp  wounds.     Severe  fracture  of  temporo-parietal  region,  with  broken  fragments 

l>etween  wounds  of 
entrance  and  exit. 
Temporal  lobe  greatly 
contused  and  hsemor- 
rhagic,  with  bleeding 
afresh  from  torn 
Sylvian  vessels  on 
dislodging  bone  frag- 
ments ;  vessels  secur- 
ed with  clips.  Dis- 
organized brain  tissue 
sucked  and  irrigated 
out.  Closure  without 
drainage. 

Post-operative 
Course.  —  Rapid  im- 
])rovement  in  general 
condition.  Left  ho- 
monymous hemian- 
ojjsia  disclosed.  Focal 
seizures  of  face  and 
arm  on  4th  day.  Con- 
tinued tendency  of 
head  and  eyes  to 
right  deviation.  Per- 
fect wound  healing 
(Figs.  671,  672). 
Slow  improvement  in 
palsy  of  face  and  arm. 
Evacuated  Sept.  9 
(11th  day). 

Subsequent  Re- 
ports.— Oct.  10,  No. 
18  General  Hospital. 
— General  condition 
good.  Evacuated  to 
England.  Nov.  5, 
No.  2  New  Zealand 
General  Hospital. — 
Slight  occasional 
headaches.  Paresis 
of  left  face  and  left 
half  of  tongue.  Slug- 
gish mentality. 
Boarded  as  unfit. 
No   later  report. 


Vi<;.   CiTl.      Cnxe   108.      On  first   drcs^inf 


Fig.  072. — Case  108.     On  discliarge 


The  Fatal  Cases. 

—  Most     of     these 
were    subjected    to 
very  cursory  proce- 
dures, which,  however,  necessitate  their  inclusion  in  an  operative  series.      It 
is  extraordinary  how  long  may  be  the  jjcriod  of  survival  if  the  bulbar  centres 
have  escaped  and  pressure  phenomena  are  not  severe.      One  cannot  abandon 
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these  severe  cases  to  their  fate  without  some  effort  toward  surgical  cleanliness, 
if  nothing  else. 

Case  109.— Pte.  H.  X.  (Serial  No.  28). 

Aug.  1,  1917. — Unconscious  ;  no  history  ;  vomiting  ;  pulse  120.  Perforating 
wound,  presumably  rifle  ball  ;  entrance  right  parieto-frontal,  exit  left  supra-orbital 
region  ;    bleeding  brain  extruding  from  each  wound  (Fig.  673). 

Operation. — Temporizing  repair  of  major  wound  of  exit,  with  control  of  haemor- 
rhage ;    partial  closure.     Death  in  6  hours.     No  autopsy. 


Fig.  CuH. — Cate   109.     Course  of 
traversing    missile. 


Fio.  an. — Case   110.     Course  of  traversing  missile. 


Case  110.— Pte.  F.  B.  (Serial  No.  133). 

Sept.  20,  1917.  6  a.m. — Irrational  :  noisy  ;  fighting  :  no  history  obtainable  : 
good  general  condition  ;  pulse  60.  Wound  of  entrance,  ri^ht  fronto-parietal  :  brain 
extruding.  Shrapnel  ball  in  right  maxilla.  Com|x>und  fracture  of  left  arm. 
Extreme  proptosis  both  eyes  ;  nasal  bleeding.  Morphia  ;  temporizing  dressings 
and  Thomas  splint.  Sept.  22. — Same  condition  ;  marked  escape  of  cerebral 
substance  ;  suction  treatment  of  track,  with  removal  of  large  amount  of  disorganized 
brain  and  clots.  Sept.  24. — Slight  operative  repair  of  entrance  wound,  with  removal 
of  bone  fragments,  and  catheter  drainage.     Death  on  Sept.  25,  3  p.m. 

Autopsy. — Right  parieto-frontal  entrance  wound,  with  lar-reaching  meridional 
fissures  (Fig.  674).  Exit  wound  through  greater  wing  of  left  sphenoid  ;  track 
continues  into  maxilla,  where  shrapnel  ball  is  lodged  under  mucous  membrane  of 
throat.     Septic  meningitis. 

The  long-drawn-out  course  of  some  of  these 
serious  wounds,  when  left  to  pursue  their  own  way. 
is  shown  by  the  following  example. 

Case  111.— Pte.  W.  I.  R.  (Serial  Xo.  182i). 

Oct.  11,  1917. — .Admitted  with  history  of  lying  out 
for  four  days.  Conscious.  Temperature  101 -S'.  Con- 
dition very  poor.  Multiple  wounds  :  (1)  Perforating  in 
arc  of  right  parieto-temporal  region  (Fig.  675).  with 
brain  extruding  :    (2)  Perforating  of  right  shoulder. 

Operative  repair  of  cranial  wounds ;  badly  infected 
gassy  brain  ;  temporal  lobe  completely  disorganized 
(culture  :  B.  perfringens  and  staphylococci) :  no  attempt 
at  closure.  Subsequently  large  amounts  ot  foul  cerebral 
tissue  escaped  and  large  hernia  formed.  Survival  for 
three  days. 
Autopsy. — Disorganization  by  encephalitis  of  almost  entire  right  hemisphere  ; 
gassy  odour. 


Fig.  aio. — Case  111.     Course 
of  traversing  missile. 


672       THE    BEITISH    JOUKNAL    OF    SURGEKY 

In  the  following  instance,  as  in  the  cases  in  Group  VI,  the  ventricle  was 
traversed  by  the  missile  in  its  course. 

Case  112.— Pte.  F.  S.  (Serial  No.  188). 

Oct.  12,  1917.  —  Semi-conscious;  aphasic  ;  no 
story  obtainable.  Good  general  condition.  Wound 
of  entrance,  left  mastoid  ;  exit  near  mid- vertex  (Fig. 
676)  ;  brain  extruding  from  both.  Complete  right 
hemiplegia. 

Conservative  operation  under  novocain,  with 
catheter  suction  of  disorganized  tissue  and  clots  from 
track,  reducing  tension.  Dichloramine-T.  Death  on 
following  day. 

Autopsy. — ^  Large  extradural  clot  ;  widespread 
meridional  fissures  from  wound  of  exit.  Track  of 
projectile  passes  directly  through  ventricle,  which 
contains  pyoserous  fluid  and  indriven  bone  fragments. 

Justice,  in  this  brief  section,  has  hardly 
been  done  to  these  traversing  wounds.  As  the 
season  progressed,  the  conditions  of  the  terrain 
became  such  that  few  with  wounds  of  this  type 
survived  to  be  brought  back,  and  those  who  did 
had  well-established  infections.  Under  better 
conditions  there  should  be  a  much  higher  degree 
^        „^     ^  ^  ,     of  recoverability   from   perforating  wounds    than 

Fig.   676. — Case    112.     Course  of      ^,  „  -n      ^      i-  i  i    •     i- 

traversing  projectile.  these  icw  illustrations  wouid  indicate. 


Group  /.Y.— BURSTING     FRACTURES     WITH     WIDESPREAD     CEREBRAL 

CONTUSION. 

In  this,  the  last,  group  have  been  placed  certain  cases  of  major  severity 
in  which  diffuse  cranial  fractures  are  associated  with  extensive  and  widespread 
contusions  of  the  brain.  They  represent  a  type  of  injury  which  can  be  best 
relieved  by  a  properly  conducted  cerebral  decompression. 

Massive  fractures  of  the  skull  may  occur,  indeed  often  occur,  without 
actual  laceration -of  the  scalp,  and  in  fact  there  arc  certain  varieties  of  crushed 
skull  which  have  led  to  the  assumption  that  some  of  these  injuries  may  be 
due  to  the  diffuse  transmission  of  a  blow  from  a  heavy  projectile  through  the 
well-fitting  band  of  the  helmet.  Grave  accidents,  however,  from  being  buried 
under  heavy  falling  objects  are  so  common  in  present-day  warfare,  that  one 
must  be  cautious  in  attributing  to  a  projectile  itself  a  possible  secondary  effect 
of  the  explosion  ;  and  the  majority  of  such  patients  are  too  profoundly  un- 
conscious on  their  admission  to  give  any  history,  and  usually  have  complete 
amnesia  of  the  occurrence  in  the  event  of  recovery. 

Among  the  10  cases  in  the  series  which  have  gravitated  to  this  group, 
there  were  5  fatalities  (mortality  50  per  cent).  This  fairly  high  percentage 
of  recoveries  does  not  really  represent  the  grade  of  case  which  the  group  was 
intended  to  contain,  for  a  number  of  surgically  treated  fractures,  largely 
basilar  in  type  (three),  have  come  to  be  included  for  lack  of  a  more  suitable 
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group  in  which  to  put  them.  Other  basilar  fractures  which  recovered  without 
operation  or  following  a  lumbar  puncture  are  incorporated  among  the  non- 
operativ'c  cases. 

Many  examples  of  extensive  egg-shell  injuries,  with  fissures  which  radiate 
from  a  local  impact  or  penetration  made  by  a  missile,  have  been  recorded  in 
the  preceding  sections.  Fractures  of  this  kind,  in  which  the  indications  for 
local  investigation  are  clear,  are  of  quite  a  different  order  from  those  here 
considered. 

The  following  two  cases  exemplify  the  type  of  injury  under  discussion. 


^ 

-%    ■  .-::*.■   ■■. 

■  ■'Mim^      A  .-**« 

Fig.  677. — Case  113.     Radiogram  of  bursting  fracture. 


Case  113. — Pte.  W.  W.  (Serial  No.  46).  Multiple  wounds.  ESxtensive  bursting 
fracture  of  skull,  -wrltli  diffuse  cerebral  contusion.  Subtemporal  decompression. 
Recovery. 

Admission,  Aug.  12,  1917,  11  a.m. — No  history.  Cold  and  in  collapse  ;  stu|K)r- 
ous.  Resuscitation  ward.  Became  restless  ;  tossing  ;  jjeriods  of  great  activity 
requiring  restraint,  alternating  with  quiet  periods.     Vomiting  ;    pulse  60. 

Wounds. — (1)  Multiple  lacerated  wounds  of  thigh  ;  (?)  Perforating  wound  of 
right  arm  ;  (3)  Small  punctured  wound  of  scalp  in  right  parieto-occipital  region. 
X  rays  show  massive  fracture  of  skull,  with  diastasis  of  sutures  (Fig.  677). 

Neurological  Findings,  5  p.m. — Can  be  roused  to  restlessness  by  supra-orbital 
pressure  ;    apparent  paresis  of  left  arm  and  leg,  though  he  moves  all  extremities. 
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Right  pupil  larger  than  left.  Reflexes  all  in  normal  limits.  5.30  p.m. — A  Jacksonian 
seizure,  beginning  in  left  face,  to  arm  and  leg.  Fundi  show  considerable  (cdema, 
with  obscuration  of  cups  and  nasal  margins. 

Operation,  6  p.m. — Right  subtemporal  decompression.  Exposure  of  extensive 
linear  fractures  :  no  bony  depression  ;  broken  subtemporal  plates  of  bone  removed, 
disclosing  very  tense,  discoloured  dura.  Dura  incised,  with  partial  evacuation  of 
large  subdural  clot  ;  exposed  and  protruding  brain  very  tense,  and  everywhere  of 
a  deep  cherry-red  colour.     Closure  in  layers  without  drainage. 

Post-operative  Course. — Became  increasingly  restless,  requiring  morphia. 
Quietedjand  began  to  regain  consciousness  on  the  4th  day,  when  he  took  first  nourish- 
ment by  mouth.  I'sual  wound-healing  (Fig.  078).  By  the  12th  day  he  became 
quite '  rational,  and  would  obey  ordinary  commands.  Somewhat  silly  in  mental 
attitude.     Persisting  weakness  of  left  arm  and  face,  with  exaggerated  reflexes.     By 


Fio.  078. — Case  113.     Subtemporal  decompression:  wound  on  tenth  day. 

time  of  discharge,  Aug.  29  (17th  day),  was  well  oriented  and  in  good  physical 
condition,  though  pulse  was  somewhat  slow  and  temperature  tending  to  subnormal. 
No  headaches  at  any  time. 

Subsequent  Reports. — Sept.  1. — Good  condition  ;  evacuated  to  England.  Dec. 
12,  King  George  Hospital. — Mental  state  much  improved.  Discharged  i>ermanently 
unfit.  Feb.  22,  1918  (by  letter). — At  home  ;  inclined  to  l>e  giddy  ;  refuses  to  wear 
his  aluminium  cap  ;  wishes  to  get  back  to  the  colours.  Doubtless  shows  signs  of 
mental  deficiency. 

The  following  case,  somewhat  similar  in  character,  is  of  interest  in  that 
the  patient,  having  no  external  woimd,  was  sent  down  with  the  diagnosis  of 
'shell  shock.' 

Case  114. — Pte.  J.  P.  (Serial  No.  66).  Massive  fractui^  of  cranium,  with  cerebral 
contusion.    Decompression.     Recovery. 

Admission,  Aug.  19,  1917,  12  midnight. — No  history  obtainable.  Unconscious  ; 
restless  ;    slight  bleeding  from  left  ear  ;    pulse  64. 

On  examination,  no  external  wound  was  found  ;  marked  oedema  and  ecchy- 
mosis  of  eyelids.  Crepitus  elicited  by  pressure  over  left  side  of  head.  X  rays  show 
bilateral   massive   fracture   of  the   skull,   with    diastasis    of   fronto-parietal    sutures 
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(cf.  Fig.  679).*  Patient  can  be  roused  by  supra-orbital  pressure  ;  mutters  incoherently; 
no  evidence  of  paralysis.  Fundi  injected,  slightly  oedematous.  Deep  reflexes  barely 
obtainable  on  left  ;    lost  on  right  ;    normal  plantar  resiionses. 

Operation,  9  p.m. — Right  subtemporal  decompression.  Linear  fractures  dis- 
closed, crossing  temporal  bone.  Tense  dura  opened,  showing  widespread  contusions, 
with  uniform  reddish  discoloration  of  brain.     Closure. 

Post-operative  Course. — Began  to  regain  consciousness  on  2nd  day  :  after  this 
made  verj'  rapid  recovery,  though  mentality  was  somewhat  wandering  for  several 


Fig.  679. — Case  114.  Radiogram  tenth  day  after  operation,  showing  area  of  decom- 
pression. Linear  fractures  largely  obscured  :  shown  in  remarcjue.  Silver  clip  (arrow)  on 
meningeal  branch  at  dural  margin. 

days.      No  headaches  ;    usual  wound-healing   (Fig.   080).      Temperature   and  pulse 
tending  towards  the  subnormal.     Evacuated  Sept.  2,  in  excellent  condition. 

Subsequent  Report. — Feb.  15,  1918  (by  letter  from  wile)  :  Has  made  a  good 
recover\%  though  has  headaches  at  times.     Is  classed  B  2  :   is  with  a  labour  company. 

The  question  might  naturally  be  asked,  in  cases  of  this  kind,  whether, 
after  all,  the  decompression  is  essential,  and  whether  lumbar  puncture  might 
not  answer  the  same  piu-pose,  for  we  are  not  dealing  with  a  permanent  source 


*  This  figure  is  given  to  show  the  .r-ray  appearance  of  a  silver  clip.  I  have  learned  ot 
an  operation  being  performed  in  England  to  remove  one  of  these  clips,  under  the  apprehen- 
sion that  it  was  a  piece  of  projectile,  and  doing  harm. 
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of  pressure  like  a  tumour,  but  with  a  self-limiting  process,  provided  the  medulla 
is  not  implieated.  It  is  well  known  that  in  these  conditions  of  cerebral  contusion 
the  brain  shows  a  marked  tendency  to  take  up  fluids  and  become  ccdematous, 
and  oftentimes  the  cerebrospinal  spaces  contain  an  excess  of  blood-stained  fluid 
— even  the  subdural  space,  which  under  normal  conditions  contains  very  little 
fluid.     It  has  become  a  matter  of  common  observation  that  some  measure  of 


Fig.  G80. — Case  114.     Subtoniporal  decompression;    uouiid  on  tenth  day. 


relief  can  be  afforded  by  the  withdrawal  of  fluid  by  the  lumbar  meninges. 
However,  when  the  brain  itself  is  greatly  contused  and  swollen,  the  mere  with- 
drawal of  20  or  30  c.c.  from  the  cerebrospinal  spaces  is  but  a  temporizing 
measure.  This  can  be  well  appreciated  by  observing  the  effects  of  a  lumbar 
pvmcture  on  a  decompressed  patient  during  the  early  days,  when  there  is 
protrusion  of  the  tense  brain  through  the  defect ;  for  though  the  protrusion 
under  the  temporal  muscle  promptly  subsides  on  withdrawing  the  fluid,  the 
former  degree  of  tension  is  regained  in  a  very  short  time,  and  not  infrequently 
the  protrusion  seems  to  return  with  a  higher  degree  of  tension  than  before. 
Hence  these  punctures,  even  if  repeated  daily,  actually  afford  but  a  very  brief 
period  of  relief. 

The  operation  for  a  subtemporal  decompression  is  not  always  easy,  and 
requires  exjiericnce,  facility,  and  a  special  type  of  rongeur  forceps,  if,  without 
undue  injury  to  temporal  muscle,  an  opening  of  sufficient  size  is  to  be  secured. 
However,  there  is  little  doubt  but  that  in  many  cases  a  much  more  prompt 
return  of  consciousness  is  afforded  by  this  measure  than  would  otherwise  occur, 
and  in  some  cases  it  may  be  a  life-saving  procedure. 

The  following  experience  affords  an  illustration  of  some  of  these  points. 
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.      Case  115.— Rfm.  L.  H.  (Serial  No.  48). 

Aug.  12,  1917. — Admitted  unconscious,  with  the  diagnosis  of  'concussion';  a 
small  abrasion  was  present  over  the  right  frontal  eminence.  X  rays  showed  a  massive 
fracture  of  the  skull,  with  fissures  radiating  from  the  frontal  area. 

Patient  was  admitted  in  the  care  of  a  colleague,  who  for  three  successive  days 
performed  lumbar  punctures,  withdrawing  as  much  as  36  c.c.  of  port-wine-coloured 
fluid.  Consciousness  was  not  regained,  and  the  man  continued  restless,  incontinent, 
and  was  at  times  violent. 

On  Aug.  15  the  pulse  became  slowed,  and  he  passed  into  a  stupor.     He  was 
transferred  to  us  for  a  subtemporal  decompression.     On  the  day  following  the  opera- 
tion he  showed  very  great  improvement  :    tull  consciousness  returned  by  the  second 
day  ;    and  on  Aug.  21   he  was  evacuated  in  good  condition  with  practically  clear . 
mentality. 

Though  unfit  for  further  military  service,  and  discharged  Nov.  3,  he  has  made 
a  good  recovery,  barring  some  tendency  to  headaches. 

The  term  'cerebral  decompression'  is  often  very  loosely  used — not  to  say 
abnsed.  The  mere  making  of  a  hole  in  the  skull  around  a  depressed  fracture, 
with  wide  opening  of  the  dura  to  relieve  pressure  of  a  local  contusion  or  infec- 
tion, led  to  many  disasters  earlier  in  the  war  ;  and  it  is  much  better  to  restrict 
not  only  the  term,  but  the  procedure,  as  in  the  case  of  tumours,  to  measures 
directed  toward  the  relief  of  pressure  carried  out  in  clean  fields  under  temporal 
or  suboccipital  muscles,  with  immediate  secure  closure  of  the  overlying 
structures. 

At  best,  however,  a  subtemporal  decompression  is  not  a  measure  of  very 
wide  scope  in  the  cranio-cerebral  injuries  of  warfare,  though,  as  we  shall  see 
in  the  histories  to  follow,  it  would  have  offered  two  or  three  of  the  patients  . 
their  only  chance. 

The    Fatal    Cases. — The  five  in  this  group  may  be  briefly  recorded. 

Case  116.— Pte.  C.  B.  (Serial  No.  182). 

Lying-out  case.  Very  extensive  and  infected  multiple  wounds  of  back,  with 
fracture  of  scapula  and  ribs.  Wound  of  right  frontal  area,  with  massive  cranial 
fracture. 

Operation. — Temporizing  elevation  of  depressed  cranial  bone  plates  ;  free  op)ening 
of  badly  infected  extensive  wounds  of  back  :  Carrel-Dakin  treatment.  Death  from 
gas  infection  the  following  day. 

Autopsy. — Extensive  fractures  of  skull  ;  the  dura  intact  ;  widespread  cerebral 
contusion. 

The  two  following  cases  were  suitable  ones  for  subtemporal  decompres- 
sion, and,  had  it  been  possible  to  determine  the  side  of  the  large  extravasation 
in  each,  a  chance  of  recovery  might  have  been  afforded,  and  in  the  second  case 
the  pneumonia  possibly  forestalled. 

Case  117. — A  German  prisoner  (Serial  No.  103). 

Aug.  16,  1917. — Semi-conscious  ;  massive  egg-shell  fractures  without  depression, 
radiating  from  the  occiput,  where  is  a  large  infected  scalp  wound  three  days  old. 
Attempted  local  operation  under  ether,  with  complete  repair  and  closure  by  plastic 
flaps.     Wound  infected  (B.  perfringens).     Death  in  24  hours. 

Autopsy. — Extensive  subdural  clot  over  left  hemisphere,  the  posterior  half  of 
which  is  completely  puljjed  and  disorganized  to  the  ventricle. 

Case  118.— Pte.  F.  H.  W.  (Serial  No.  174). 

Oct.  5,  1917,  11  p.m. — Irrational  ;  violent  ;  semi-conscious.  A  ragged  wound 
of  vertex.     No  ar-ray  examination  possible. 
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Operation. — Chloroform.     Repair  of  local  wound,   disclosing  egg-shell  fractures 
without    depression  ;     bone    removed  ;     dura   tense    and    discoloured  ;     not   opened. 
Lumbar  puncture  :    30  c.c.  bloody  fluid.      Deglutitory  difficulties.      Death  on  7th 
day  from  inhalation  pneumonia,  with  terminal  rise  in  tem- 
perature (Fig.  681). 

Autopsy. — Far-reaching  meridional  fractures  ;  subdural 
clot  over  entire  left  hemisphere  ;  cerebral  contusions  ;  no 
meningitis.     Bilateral  bronchopneimionia. 

Case  119.— Pte.  A.  M.  (Serial  No.  100). 

Sept.  14,  1917. — No  history  obtainable  ;  semi-conscious ; 
aphasia  ;  right  hemiplegia.  Multiple  woimds  of  arm,  leg, 
and  head.  Massive  fracture  of  skull,  with  missile  embedded 
in  scalp  of  vertex. 

Operation.  —  Chloroform.  Subtemporal  decompression, 
disclosing  large  subdural  clot  and  contused  brain  with 
bleeding  vessels.  Death  on  3rd  day  from  pneumonia,  after 
24  hours  of  marked  improvement  in  cerebral  symptoms. 

Autopsy. — A  typical  bursting  fracture  completely  encirc- 
ling skull  in  coronal  plane.  Longitudinal-sinus  thrombosis; 
hemispheres  widely  contused  and  haemorrhagic.  Bilateral 
hepatization  of  both  lungs. 

Case  120.— Pte.  A.  L.  (Serial  No.  197). 

Oct.  19,  1917. — Transferred  for  decompression  by  a  colleague  after  48  hours 
in  resuscitation  ward.  Profoundly  unconscious  ;  pulse  110  ;  temperature  103°. 
Extensive  contusions  of  head  and  face.     Choked  disc. 

Operation. — Subtemporal  decompression  ;  no  anaesthesia  required.  Marked 
improvement  in  24  hours  ;  temperature  lower.  By 
2nd  day  consciousness  partly  regained.  Bad  cough 
with  profuse  expectoration  ;  taking  nourishment 
well.  On  3rd  day  pneumonia,  with  abrupt  rise  in 
temperature  (Fig.  682),  and  death. 

Autopsy. — Brain  oedematous  and  ecchymotic  ; 
extensive  pulmonary  hepatization. 


Fig.  ()81. — Temperature 
chart  of  Ca«e  118. 
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Fig.  <>82. — Temperature  chart 
of    Case  120. 


It  Avill  be  noticed  that  these  patients  were 
for  the  most  part  refraetory,  and  threatened 
with  respiratory  complieations  due  to  their 
compression — a  combination  which  practically 
prohibits  an  operation  nnder  local  ana-sthesia 
with  primary  morphinization.  It  is  possible 
that  the  inhalation  narcosis  may  have  had 
some   predisposing  effect   in   the    causation   of 

the  pneumonia  from  which  three  of  them  died,  particularly  when  one  considers 
how  prevalent  some  form  of  pulmonary  disorder  is  among  the  woimded,  either 
as  a  chronic  bronchitis  or  an  irritation  from  some  degree  of  exposure  to  gas 
fumes.  The  fatalities,  however — one  of  them  after  a  six-days-free  interval — 
bring  up  another  matter  on  which  a  caution  should  be  expressed.  There  is 
a  general  tendency  on  the  part  of  orderlies  and  nurses  who  may  be  unfamiliar 
with  head  cases,  or  nninstructed  as  regards  this  j)articMiar  ])oint,  to  attempt  to 
feed  semi-conscious  patients.  A  typical  bronchopneumonia,  brought  about 
by  misdirected  efforts  to  administer  fluids  to  patients  with  inactive  swallowing 
reflexes,  is  a  far  from  uncommon  sequel.  It  is  a  good  rule  to  keep  every 
stuporous  patient  in  a  semi-prone  position,  and  trial  feedings  should  never 
be  first  attempted  while  they  arc   lying  on   their  backs. 
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THE     UNOPERATED     CASES. 

The  record  of  any  series  of  cases  such  as  constitute  the  present  study 
would  be  incomplete  without  an  enumeration  of  the  imo{)erated  cases,  wth 
particular  reference  to  the  more  severely  wounded  from  whom  surgical 
intervention  has  been  withheld.  The  jiercentage  of  such  cases  must  vary 
considerably  according  to  many  circumstances. 

It  was  found  from  a  study  of  the  hospital  admission  and  discharge 
books  for  the  first  fourteen  days,  including  one  48-hour  period  of  considerable 
pressure,  that  an  average  of  50  per  cent  of  all  the  head  cases  were  immediately 
cleared  after  dressing  and  recording,  without  being  subjected  to  further 
examination ;  and  that  during  the  rush  period  of  two  days,  85  per  cent  were 
thus  promptly  forwarded  to  the  base.  This  of  course  implies  that  the 
supposedly  more  serious  cases  were  alone  retained.  \Vhether  this  is  wise 
from  a  military  standpoint  is  a  matter  for  others  to  decide,  and  customs  may 
change  in  this  respect;  but  the  fact  must  be  taken  into  consideration  in  so 
far  as  it  influences  surgical  statistics.  In  slack  periods,  when  no  such  selection 
is  made,  the  surgical  results  for  many  reasons  are  much  better. 

Another  factor  greatly  affecting  the  character  of  the  wounds  and  the 
condition  of  the  cases  admitted  concerns  the  bearer  parties  :  the  more  daring 
they  are  and  the  more  quickly  the  woimded  are  brought  in,  the  more  lives  will 
be  saved — but.  contradictory  as  it  may  seem,  the  higher  vrill  be  the  hospital 
death-rate,  for  more  desperately  woimded  men  will  reach  the  casualty  clearing 
station  alive  than  when  a  corps  less  energetic  and  less  indifferent  to  danger 
is  in  the  field.  This  applies  to  cranio-cerebral  no  less  than  to  abdominal  or 
thoracic  wounds. 

Then,  too,  during  this  particular  period  of  service,  ^^^th  a  line  of  battle 
advancing  and  a  stationary'  casualty  clearing  station,  the  interval  from  the 
reception  of  the  wound  to  the  time  of  admission  became  progressively  greater, 
so  that  fewer  of  the  more  immediately  serious  types  of  cranial  injury  survived 
the  average  of  ten  to  twelve  hours  required  to  bring  them  in.  As  an  offset 
to  this,  those  that  were  brought  in  were  almost  certain  to  have  an  infection 
already  established.  These  and  other  modifying  factors  must  be  taken  into 
consideration  in  judging  statistics  of  any  given  hospital,  in  any  period,  for 
any  particular  variety  of  work. 

The  31  cases  which,  assigned  to  the   \mter's  team,    were   not   operated 
upon,  fall  in  three  categories  : — ■ 
//  1.  Those  in  which  an  operation  zvas  unnecessary  or  inadvisable  (11  cases). — 

/  An  operation  may  be  imcalled  for  for  various  reasons.     Among  the  11  cases, 

all  of  which  recovered,  were  3  examples  of  extensive  cranial  fracture 
without  depression,  overlain  by  lacerated  scalp  wounds  too  large  to  close, 
and  whose  healing  processes  could  not  be  expedited  by  operative  measures  ; 
such  wounds,  after  being  merely  scrubbed  under  local  anaesthesia,  were 
Carrelized,  and  left  to  heal  by  the  slow  process  of  granulation  until  they  could 
be  skin  grafted,  and  not  even  were  their  ragged  margins  excised.  In  2 
other  cases  the  unexcised  scalp  wound  was  left  open  owing  to  infection  : 
one  of  them  was  subjected  to  a  secondary  craniotomy  on  reaching  the  base. 
There  were  3  examples  of  penetration  by  a  minute  missile,  ^vith  operation 
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withlield  owinjj;  to   absence  of  symptoms.     There  were  3   bursting  fractures 
involving  the  cranial  base,  which  were  treated  simply  by  lumbar  {juncture. 

2.  Those  in  which  operation  offered  nothing,  oiving  to  the  extent  of  the 
lesion  or  the  patienVs  general  condition  (10  cases). — ^The  10  cases  in  which 
the  condition  was  regarded  as  hopeless  were  cases  which,  if  operated  upon, 

would  have  fallen  in  Groups 
VII,  VIII,  or  IX.  There  were 
2  severely  wounded  men  with 
a  large  part  of  the  skull  blown 
away,  who  quickly  succumbed. 
There  were  4  penetrating  wotuids 
— one  with  extreme  explosive 
effect,  with  elevation  of  a  large 
cranial  gaj^  [Fig-  683) ;  the  pa- 
tients survived  but  a  short  time. 
There  were  4  examples  of  ex- 
tensive bursting  fractures,  the 
patients  being  practically  mori- 
biuid  on  admission,  with  ad- 
vanced pressure  phenomena  and 
early  respiratory  failure. 

3.  Those  regarded  as  possibly 
operable,  hut  in  ivhich  death  oc- 
curred before  reaching  the  table 
(10  eases).  —  These  cases  do  not 
fall  in  the  operation  group, 
though  they  might  have  done 
so  had  not  death  intervened. 
To  some,  reference  has  already 
been  made  (e.g.,  Cases  3  and  83). 
The  borderline  is  a  very  narrow 
one,  and  perusal  of  the  fatal 
cases  in  the  operation  series,  brief 
clinical  notes  of  which  have  been  given,  will  show  that  desperate  chances  were 
often  taken  to  "revive  cases  approaching  the  terminal  stages  of  compression 
(e.g.,  Case  78).  There  is  no  justification  in  withholding  operation  from  those 
unfortiuiates  for  whom  a  prolongation  of  life  would  appear  to  be  undesirable; 
no  tribunal  is  capable  of  passing  such  judgement,  and  unexpected  recoveries 
with  unimpaired  mental  faculties  sometimes  follow  what  appear  to  be  the 
most  extensive  cerebral  injuries. 


Fig.  683. — Showing  explosive  effect  of  fronto- 
parietal perforation  with  elevation  of  large  section 
of  skull. 


THE  OPERATIVE  PROCEDURE. 

This  has  been  described  in  sufficient  detail  in  a  recent  communication.* 
As  stated,  the  purpose  of  the  present  study  is  merely  to  put  on  record,  for 
the  sake  of  future  comparison,  the  clinical  results  secured.  Some  passing 
comment  on  these  operations  in  general  may,  however,  not  be  out  of  place. 


*  "Xote.s  on  Penetrating  Woundsof  the  Brain,"  lirii.  Med.  Jour.  1918,  Fel).  2:j. 
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It  is  not  without  interest  that  early  in  the  war  many  surgeons  who  dealt 
largely  with  cranial  injuries  came  to  advocate  the  immediate  excision  and 
closure  of  scalp  woiuids  overlying  fractures  with  penetration.  They  were 
doubtless  forced  to  this  alternative,  more  because  of  the  unhappy  conse- 
quences of  a  fungus  cerebri  in  case  the  woiuids  were  left  open,  than  through 
any  broad  conception  of  the  general  principles  of  primary  woimd  suture, 
which  was  then  discountenanced. 

We  are  now  aware,  largely  through  the  pioneer  work  of  French  military 
surgeons,  that  so  far  as  possible  during  the  few  hours  before  infection  takes 
place,  practically  all  wounds  should  be  given  the  chance  of  union  by  primary 
suture.  The  necessity  of  the  most  detailed  preliminary  debridement  of  the 
woimd.  as  emphasized  by  Depagc,  Duval,  Le  Maitre,  and  others,  before  these 
immediate  closures  are  attempted,  is  making  its  way  as  a  matter  of  funda- 
mental surgical,  as  well  as  of  military,  importance. 

These  principles  apply  no  less  to  cranio-cerebral  woimds  than  to  those 
of  the  extremities ;  but  with  the  former  we  are  confronted  by  anatomical 
difficulties  which  do  not  ix'rtain  to  wounds  elsewhere,  for  in  the  brain  one 
cannot  dissect  along  the  track  and  lay  the  part  open  to  inspection  as  can  be 
done  with  the  majority  of  wounds  in  other  parts. 

The  many  failures  in  the  past  in  the  primary  suture  of  cranio-cerebral 
woimds  have  been  due,  on  the  one  hand,  to  the  prevailing  idea  that  there 
was  something  peculiar  about  injuries  of  the  nervous  system  which  justified  a 
long  delay  before  o|)eration — a  delay  which  |)ermitted  a  contaminated  wound 
to  become  infected  ;  on  the  other  hand,  in  case  the  operation  was  performed 
in  the  first  few  hours  after  the  injury,  to  imperfect  methods  of  removing 
— together  with  other  wound  debris — the  devitalized  nervous  tissue  which 
makes  a  favourable  soil  for  bacterial  gro>vth. 

As  generally  practised,  the  cleansing  of  a  contaminated  cranio-cerebral 
lesion  has  usually  consisted  in  the  excision  of  the  scalp  woiuid,  piecemeal 
removal  of  the  bony  lesion,  enlargement  of  the  dural  opening,  extraction  so 
far  as  possible,  usually  with  the  insertion  of  a  finger,  of  the  indriven  fragments 
of  bone  or  metal,  and  closure  by  sliding  or  replacing  a  flap  of  scalp  over  the 
area  of  the  wound.  This  has  been  the  practice,  not  only  in  the  early  hours 
when  the  wound  is  merely  contaminated,  but  later  on  when  infection  has 
become  established. 

That  50  per  cent  of  wounds  with  dural  penetration  have  recovered  under 
these  circumstances  speaks  well  for  the  natural  resistance  of  the  brain  to 
mild  grades  of  infection.  But  if  from  these  past  computations  the  trifling 
dural  punctures  like  those  incorporated  in  Group  III  had  been  excluded,  and 
only  the  cases  of  actual  exposure  with  contamination  of  the  brain  and 
meninges  had  been  considered,  the  mortality  would  in  all  certainty  have  been 
found  far  higher. 

In  the  technique  which  has  come  to  be  utilized  in  the  later  cases  in 
this  series,  and  which  is  capable,  doubtless,  of  further  development  in  many 
directions,  not  only  the  scalp  woimd  but  the  contaminated  cranial  wound  as 
well  have  been  excised  en  bloc.  Subsequently,  by  the  aid  of  alternate  irriga- 
tion and  suction  through  a  soft  flexible  catheter  inserted  in  the  track,  the 
clots  and  devitalized  brain  substance  are  painstakingly  removed,  the  fragments 
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of  bone  detected  by  the  catheter  are  picked  out  by  delicate  forceps,  and  the 
projectile  in  as  many  cases  as  possible  is  extracted  by  the  magnet.  In  short, 
the  same  principles  of  debridement  utilized  so  succcssfidly  for  wounds  else- 
where, have  in  their  essentials  been  adapted  to  wounds  involving  the 
brain. 

The  criticism  has  been  made  that  these  performances  entail  too  great 
an  expenditure  of  time  and  are  impossible  to  carry  out  in  periods  of  rush  ; 
but  this  is  no  more  true  of  cerebral  wounds  than  of  other  deep  wounds  in  which 
one  may  wish  to  secure  primary  union.  In  the  long  run  it  is  far  better  in  an 
advanced  hospital  to  get  one  successful  primary  closure  of  a  penetrating  woimd 
of  the  brain,  and  to  send  two  others  to  the  base  as  yet  untreated,  than  to  do 
three  incomplete  operations  in  the  same  period  of  time,  with  the  probability 
that  all  three  woimds  will  break  down,  and  at  best  luidergo  subsequently  at 
the  base  the  tedious  and  imcertain  coiirse  of  secondary  wound-healing  over 
an  exposed  and  fimgating  brain. 

There  is  much  difference  of  opinion  as  to  where  these  operations  should 
be  done,  but  in  view  of  the  fact  that  the  majority  of  deaths  occur  from 
meningitis  or  encephalitis,  it  would  seem  that  a  forward  area  is  desirable, 
even  shoidd  it  be  admitted  that  in  head  wounds  infections  appear  to  be  slower 
in  taking  hold  than  in  the  case  of  lacerated  wounds  of  the  muscular  extremities. 

THE     RESULTS     IN     GENERAL. 

As  recorded  in  the  opening  paragraphs,  as  our  experience  increased,  the 
mortality  of  the  133  woimds  with  dural  penetration  was  reduced  from  54-5 
per  cent  for  the  first  44  cases,  to  28-8  per  cent  for  the  45  cases  in  the  third 
period — this  in  spite  of  the  fact  that  with  the  advancing  line  of  battle  the 
interval  between  the  reception  of  the  wound  and  the  patient's  admission 
averaged  at  least  six  hours  longer  in  the  last  few  weeks  of  the  service.  Other 
factors,  in  addition  to  the  thorough  treatment  of  the  track,  doubtless  contri- 
buted to  these  improved  figures — among  them,  the  routine  employment  of 
local  ana'sthesia,  as  advocated  particularly  by  Colonel  Gray  and  by  De  Martel ; 
detailed  individual  attention  to  the  often  complicated  post-operative  dressings 
was  another  element  of  no  little  importance. 

A  tabulatioli  of  the  71  fatalities  in  the  operation  series  taken  as  a  whole, 
shows  that  12  deaths  were  due  to  intercurrent  causes — to  multiple  wounds 
elsewhere,  to  pneumonia,  gas  poisoning,  and  so  on  ;  16  were  due  to  acute 
intracranial  complications — haemorrhage,  extensive  lacerations,  or  compression 
phenomena  arising  before  the  period  of  sepsis  ;  whereas  43  were  due  to,  or 
at  least  associated  with,  an  intracranial  infection — meningitis  in  14,  ventricu- 
litis in  12,  encephalitis — usually  from  gas  infection — in  9,  and  abscess  in  8. 

Naturally,  many  of  these  conditions  more  or  less  overlapped  :  a  severely 
traumatized  ease  might  finally  die  from  inhalation  pneumonia  ;  an  abscess 
might  break  into  the  ventricle  ;  an  infection  of  the  brain  finally  spread  both  to 
ventricle  and  meninges.  The  figures,  however,  record  the  outstanding  feature 
of  the  post-mortem  findings  in  each  case.  Their  chief  significance  lies  in  the 
overwhelming  predominance,  even  in  a  forward  area,  of  the  infections  over 
all  other  causes  of  death  ;    and  this  would  be  equally  true  of  woimds  of  any 
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other  part  of  the  body  similarly  treated — ^namely,  by  closure  of  the  skin  over 
an  incompletely  cleansed  track. 

The  clinical  histories  of  the  219  operation  cases  have  shown  clearly  that 
a  large  number  of  the  recorded  fatalities  were  avoidable — not  only  by  the 
employment  of  a  still  more  perfect  technique,  but  by  its  more  prompt  appli- 
cation. The  bad  repute  of  cranio-cerebral  operations  from  the  standpoint 
of  infection  is,  without  question,  largely  due  to  delay — delay  in  transit,  which 
may  be  unavoidable ;  unnecessary  delay  after  admission,  which  often  is 
avoidable. 

So  far  as  our  records  made  it  possible,  the  time  intervening  between  the 
reception  of  the  injury  and  the  oi>eration  has  been  given  with  the  operative 
note  for  each  case,  and  it  will  have  been  observed  that  few  were  operated 
upon  within  the  first  12  hours,  and  many  after  a  24-hour  interval.  This 
means  that  all  of  the  contaminated  wounds  had  become  infected,  some  most 
seriously,  before  they  reached  the  operating  table. 

The  delay  in  many  instances  was  due  to  an  unnecessarily  prolonged 
sojourn  in  the  ward  given  over  to  the  resuscitation  of  the  seriously  wounded. 
This  period,  I  think,  so  far  as  head  cases  go,  can  be  eliminated,  for  the  body 
warmth  can  be  restored  and  fluids  administered  during  the  course  of  an 
operation  on  the  head  under  local  anaesthesia,  as  well  as  in  a  special  ward.  The 
effects  of  cerebral  contusion  arc  often  confused  with  shock,  and  the  condition 
of  many  of  these  head  cases  does  not  improve  imtil  trepanation  makes  possible 
the  evacuation  from  the  intracranial  chamber  of  the  clots  and  pulped  brain 
which  are  the  occasion  of  pressure  symptoms. 

Though  a  period  of  a  year  or  two  must  elapse  before  one  can  speak  of  the 
actual  end-results  of  the  152  cases  which  were  evacuated  after  operation, 
the  subsequent  reports,  as  may  be  gathered  from  the  notes  appended  to  the 
case-histories,  have  been  most  encouraging.*  The  statement  has  been  made 
that,  earlier  in  the  war,  45  per  cent  of  all  cases  trephined  at  casualty  clearing 
stations  subsequently  died  at  the  base  :  this  refers,  of  course,  to  a  period 
when  cases  were  forwarded  immediately  after  operation.^  In  the  present 
series,  the  more  serious  cases  were  retained  an  average  of  twelve  days,  and, 

*  The  home  address  of  all  the  patients  was  taken,  and  it  has  been  possible  by  direct 
correspondence  or  through  Medical  Research  Committee  inquiry  cards  to  trace  all  of  them 
with  the  exception  of  a  few  colonials.  I  labour  under  the  impression  that  most  of  these 
cases  after  reaching  England  are  kept  too  long  in  hospitals  or  convalescent  depots  for  their 
best  good.  In  many  instances  they  have  been  retained  apparently  for  the  purpose  of  bone 
grafting  or  of  fitting  metal  plates  in  the  small  cranial  defect,  or  for  the  making  of  plates 
of  one  kind  or  another  which  are  to  oe  worn  in  the  cap.  These  measures  cannot  be  of 
very  great  service  to  many  of  these  patients.  Thej'  should  be  restricted  to  the  cases 
with  large  pulsating  defects  accompanied  by  dizziness  and  discomfort  on  stooping  or 
exertion. 

•f  Taken  as  a  whole,  the  mortality  for  the  entire  series  was  .32-4  per  cent,  or,  excluding 
the  22  scalp  wounds,  35-5  j)er  cent.  In  contrast  with  these  figures  for  a  casualty  clearing 
station,  certain  figures  may  be  given  for  cranial  operations  performed  at  the  base,  which 
at  first  blush  might  seem  to  favour  these  delayed  procedures,  did  one  not  realize  the  elimina- 
tion which  had  been  taking  place  in  process  of  transit  from  the  line  of  battle. 

During  a  nine  months'  service  in  two  base  hospitals  with  the  B.E.F.,  members  of  the 
writer's  unit  have  mnde  careful  clinical  records  of  147  head  wounds  out  of  a  possible  200 
cases — the  unrecorded  cases  having  been  those  of  minoi  nature  and  without  special  clinical 
interest.      Of  the   147,  34  were  scalp  wounds,  recorded  because  of  concomitant  cerebral 
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as  recorded  aniono  the  fatal  cases,  only  4  deaths  have  occurred  anions;  the 
iiiiniber  e\aciiated.  2  at  the  base  and  2  in  home  hos[)itals  {Cases  17.  59.  66, 
76).^^ 

The  careful  studies  by  Sargent  and  Holmes  of  a  series  of  1239  cases,  and 
by  Tuffier  and  Guillain  of  a  series  of  6664.  eases  which  had  recovered  after 
trephining,  have  shown  that  late  sequels,  such  as  epilepsy,  insanity,  delayed 
abscess,  crippling  paralyses,  and  other  residual  infirmities,  are  far  less  com- 
mon than  had  been  anticipated.  This  may  serve  as  an  additional  source  of 
encouragement  for  those  called  upon  to  operate  on  these  difficult  neurological 
cases. 

There  is  every  reason  to  believe  that  by  earlier  operations,  and  by 
further  improvements  in  technique  along  the  lines  of  painstaking  aseptic 
surgery,  the  accepted  high  mortality  of  cases  with  dural  penetration  can  be 
very  largely  cut  down  ;  and  if  this  long  presentation  of  a  single  series  of  cases 
can  help  to  bring  this  about,  by  serving  as  a  score  against  which  others 
working  under  similar  conditions  may  successfully  compete,  it  will  have 
served  its  purpose. 

The  writer  has  received  help  from  many  sources  in  the  preparation  of 
this  paper,  but  he  is  under  particular  obligation  to  the  Medical  Research 
Committee  for  permitting  Sergeant  Maxwell  to  give  time  for  the  making  of 
many  of  the  illus  rations.  He  regrets  greatly  that  he  has  not  had  access  to  the 
abundant  literature  on  the  subject,  for  this  has  prevented  his  making  suitable 
reference  to  the  writings  of  others  who  may  have  made  corresponding 
analyses  of  a  series  of  cases  operated   upon  luider  similar  circumstances. 


symptoms.  Eliminating  these  scalp  wounds,  all  of  which  recovered,  there  remain  113  cases, 
which  fall  in  Groups  II  to  VI  as  follows  :  Group  II,  41  ;  Group  III,  17  ;  Group  IV,  16  ; 
Group  V,  35  ;  Group  VI,  4  The  more  serious  types  of  injury,  such  as  one  encounters 
further   forward,  were  entirely  wanting. 

Taken  together,  the  total  mortality  at  the  base  for  the  113  cases  has  been  10-6  per  cent  : 
85  cases  had  been  operated  upon  before  adn  ission,  and  several  had  to  be  re-operated  upon 
for  abscess,  with  6  fatalities  (mortality  7  per  cent)  ;  37  received  their  primary  operation  at 
the  base,  with  only  6  fatalities  (mortality  162  per  cent),  i.e.,  less  than  half  the  mortality 
percentage  of  the  writer's  casualty  clearing-station  series. 
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BONE    GROWTH    AND    BONE    REPAIR.* 

By    Professor    ARTHUR    KEITH,    F.R.S. 

LECTURE    I. 
THE     FOUNDATION     OF     OUR     KNOWLEDGE     OF     BONE     GROWTH 
BY     DUHAMEL     AND     HUNTER. 

Sometime  in  the  summer  of  1736.  a  calico  printer  of  the  City  of  London 
entertained  to  supper  John  Belchier.  a  promising  yoimg  and  inquiring 
surgeon,  and.  all  unfittingly,  introduced  him  at  the  same  time  to  a  method 
of  unravelling  some  of  Nature's  greatest  secrets.  The  method  to  which 
Belchier  was  thus  introduced  was  that  of  vital  staining,  one  which  picks  out 
certain  elements  of  the  body  by  distinctive  colours  while  they  are  still 
living.  The  calico  printer  was  an  economical  man.  and  used  the  madder- 
soaked  bran  from  his  dye-vats  to  feed  pigs.  The  pigs  he  used  to  feed  his 
friends.  It  was  a  joint  of  this  madder-fed  pork  which  was  placed  before  the 
young  surgeon,  then  in  his  thirtieth  year  and  just  elected  to  the  staff  of  Guy's 
Hospital.  It  was  but  natural  that  a  young  man.  already  a  fellow  of  the 
Royal  Society  and  a  contributor  to  its  Philosophical  Transactions,  should  have 
his  curiosity  aroused  by  the  ruddy  colour  of  the  bones  of  the  madder-fed 
pork,  and  that  he  should  resolve,  on  returning  to  his  home,  to  make  further 
inquiries  before  bringing  this  strange  matter  before  the  Fellows  of  the 
Society.  He  desired,  first  of  all.  to  make  certain  that  it  was  madder  and  no 
other  substance  which  stained  living  bones,  and  hence  he  began  to  feed  some 
of  his  fowls  with  madder.  One  cock,  subjected  to  this  treatment — fed  by 
force,  for  fowls  refuse  food  mixed  with  madder — died  at  the  end  of  a  sixteen 
days'  course  ;  the  bones  were  stained,  even  those  with  the  densest  structure. 
Early  in  the  autumn  he  made  a  commiuiication  to  the  Royal  Society,  which 
was  subsequently  printed  in  its   Transactions^ 

Having  dulv  recorded  this  strange  action  of  madder  on  bones,  Belchier 
felt  that  his  inquiry  was  finished,  and  left  the  matter  there.  The  man 
who  was  to  show  that  Belchier  had  discovered  a  means  of  unravelling  the 
complex  manner  in  which  bones  grow,  was  a  remarkable  French  squire — 
Henri  Louis  Duhamel,  Seigneur  dii  Monceau — but  of  him  more  anon. 
For  Belchier  there  was  no  problem  of  bone  gro^^'th.  His  master  and 
teacher,  the  great  Cheselden,  knew  all  there  was  to  be  known  about  bones 
— particularly  so  far  as  concerned  those  of  the  human  skeleton.  Bones 
"  are  covered  by  a  fine  membrane,  which  upon  the  skull  is  called  peri- 
cranium,   elsewhere    periosteum.     It    serves    for   the    muscles   to  slide  easily 

*  Three  lectures  of  a  course  on  "  The  Anatomical  and  Physiological  Principles  under- 
lying the  Treatment  of  Injuries  to  Muscles,  Joints,  and  Bones,"  delivered  at  the  Royal 
College  of  Surgeons  of  England. 

{  Phil.  Trans.,  vol.  xxxix,  p.  287. 
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upon  ;  it  is  everywhere  full  of  small  blood-vessels,  which  enter  the  bones 
for  their  nourishment."  Bones  "  grow  by  the  continual  addition  of  this 
ossifying  matter  ;  they  increase  till  their  hardness  resists  a  further  exten- 
sion ;  and  their  hardness  always  increasing  while  they  are  growing,  the 
increase  of  their  growth  becomes  slower  and  slower  until  they  cease  to  grow 
at  all."  "  In  a  fractured  bone,  in  which  the  same  kind  of  matter  which 
ossified  the  bones  at  first,  is  thrown  out  from  the  broken  ends,  there  is  formed 
a  mass  of  callous  matter."*  It  is  extremely  important  that  we  should  note 
these  points;  that  periosteum  was  a  vascular  membrane  which  supplied 
nourishment ;  that  bones  grew  like  other  tissues — by  a  natural  filling  up  and 
expansion  of  every  interstice  ;  and  that,  when  broken,  the  fractured  ends 
threw  out  a  mass  of  ossific  callus.  That  was  the  state  of  knowledge  as  regards 
bones  when  Duhamel  and  Hiuiter  commenced  their  investigations. 

Our  story  now  shifts  from  London  to  France — to  the  well-managed 
estate  of  Monceau,  where  Duhamel,  a  confirmed  bachelor,  and  his  maiden 
sister  spent  busy  and  studious  days.  Duhamel  belongs  to  that  rare  type  of 
man  which  is  represented  by  Stephen  Hales  and  Benjamin  Franklin — men 
bom  with  a  natural  aptitude  to  play  the  part  of  detectives  amongst  Nature's 
secrets.  They  wrvuig  them  from  her  by  experiment.  For  Duhamel  there  was 
but  one  sure  source  of  knowledge — observation  and  experiment.  He  had 
spent  his  youthful  days  in  Paris  as  a  student — a  student  of  law;  but  he  had 
attended  Winslow's  lectures,  and  at  an  early  date  had  begun  investigations 
relating  to  agriculture  which  brought  him  into  touch  with  the  Academy  of 
Science  and  the  foremost  researchers  of  his  time.  At  the  age  of  twenty-seven 
he  was  elected  a  member  of  the  Academy.  We  make  his  acquaintance 
when  he  was  thirty-nine  years  of  age^,  in  1739,  when  he  made  his  first 
communication  to  the  Academy,  "  Sur  une  Racine  qui  Teint  les  Os  en  Rouge." 
He  was  then  living  on  his  estate.  A  year  or  two  before,  Hans  Sloane, 
President  of  the  Royal  Society,  had  drawn  his  attention  to  Belehier's  paper. 
His  curiosity  was  aroused,  and  following  his  usual  custom,  he  submitted 
Belehier's  observations  to  the  test  of  experiment.  He  fed  fowls,  turkeys, 
pigeons,  and  pigs  with  madder,  and  found  that  their  bones,  and  only  their 
bones,  were  stained  red  ;  he  noted  that  only  certain  parts  of  the  bones 
were  stained,  and  that  the  bones  of  young  animals  dyed  more  readily  and 
deeply  than  those^of  old  animals. 

In  his  communication  of  1739  he  had  really  added  very  little  to  Belehier's 
observations.  It  was  merely  a  preliminary  note.  His  next  communication 
appeared  in  1741,  and  we  see  he  had  been  hard  at  work.  He  had  become 
interested  in  bones  ;  he  knew  well  how  a  broken  twig  became  mended,  and  he 
wondered  how  repair  was  carried  out  when  a  bone  was  broken.  He  made 
experiments,  and  found  that  the  periosteum  in  the  neighbourhood  of  a  fracture 
became  greatly  swollen,  and  served  as  the  chief  agent  in  producing  the 
repairing  callus.  The  lining  medullary  membrane,  or  internal  periosteum, 
assisted.  By  feeding  the  subjects  of  his  fracture  experiments  with  madder, 
he  could  trace  the  formation  of  the  newly-formed  bone,  and  found  that  its 
chief  source  was  the  periosteum.     He  saw  nothing  to  support  the  prevalent 


*  The  Anatomy  of  the  Human  Body,  by  William  Cheselden,  6th  edition,  1741. 
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belief  that  the  caUus  was  produced  by  a  'juice'  secreted  by  the  broken  ends 
of  bones.  He  had  now  reaUzed  that  the  only  bone  which  was  stained  red 
was  that  formed  during  the  period  of  madder-feeding. 

His  communications  of  1742  and  1743  show  us  that  his  further  experi- 
ments had  been  attended  by  a  great  success.  He  had  discovered  an  early 
mistake.  If,  after  giving  a  course  of  madder  food,  and  then  a  course  of 
ordinary  food,  a  pig  was  killed,  he  observed  in  his  earlier  experiments  that 
nearly  all  redness  had  gone  from  the  bones.  He  was  thus  led  to  believe  that 
the  stain  was  only  temporary.  But  on  laying  such  bones  open,  he  observed 
his  mistake — the  madder-coloured  layer  was  only  covered  and  hidden  by  an 
unstained  surface  layer,  laid  down  after  the  madder  diet  had  been  suspended. 
He  found,  by  alternating  a  madder  diet  with  an  ordinary  one,  that  he  could 
obtain  alternate  red  and  white  rings  or  layers  on  the  circumference  of  the 
bone,  the  latest-formed  layer  or  plate  being  on  the  surface  of  the  bone  im- 
mediately under  the  periosteum.  Bone  therefore  grew  as  wood  did — by  the 
super-imposition  of  layer  on  layer  or  plate  on  plate  ;  and  the  source  of  the 
new  layers  was  the  periosteum.  The  deepest  stratum  of  the  periosteum 
apparently  served  the  same  purpose  as  cambium  did  for  growing  wood.  In 
this  way  Duhamel  came  to  regard  periosteum  as  the  maternal  tissue  of 
bone  ;    the  osteogenetic  function  of  periosteum  is  Duhamel's  discovery. 

He  was  faced  by  a  great  puzzle.  Bone  grew  in  thickness  only  by  super- 
ficial additions  laid  down  lamina  upon  lamina.  He  noted  that  the  medullary 
cavity  also  kept  enlarging  as  the  bone  grew  ;  in  the  pig's  tibia  the  cavity  kept 
increasing  until  the  animal  was  six  months  old.  He  could  conceive  only 
one  way  possible— namely,  that  as  the  superficial  layers  were  laid  down, 
there  was  also  an  expansion  of  the  shaft-cylinder  as  a  whole,  an  expansion 
which  enlarged  the  medullary  cavity.  He  sought  to  prove  the  truth  of  his 
theory  by  a  new  kind  of  experiment — one  he  had  practised  on  growing 
branches.  He  encircled  the  shafts  of  growing  bones  with  rings  of  silver  wire, 
and  in  the  course  of  time  found,  as  he  expected,  that  they  had  cut  their  way 
into  the  medullary  cavity.  He  believed  that  such  a  result  could  be  obtained 
only  by  an  expansion  of  the  shaft.  We  shall  see  presently  how  John  Hunter 
explained  the  result  of  such  experiments. 

Duhamel  was  familiar  with  the  fact  that  bench  marks  cut  on  the  stems 
of  trees  maintained  a  constant  level ;  growth  in  the  trunk  did  not  alter  the 
level.  He  applied  a  similar  method  to  bone  ;  he  cut  '  bench  marks '  on  the 
shafts  of  growing  bones,  by  drilling  holes  at  regular  and  measured  distances, 
inserting  within  them  silver  stylets  to  keep  them  open.  After  a  definite 
period  he  killed  the  animal,  measured  the  distance  between  the  bench  marks, 
and  found  they  were  unaltered  ;  there  had  been  gro\\i;h  in  length,  but  the 
distance  between  his  marks  on  the  shaft  remained  the  same.  Therefore  he 
concluded  that  all  growth  in  length  must  take  place  at  the  extremities  of 
bones.  At  what  particular  part  of  the  extremity,  he  makes  no  mention  ; 
he  observed  the  epiphyseal  lines,  but  left  them  unstudied. 

Duhamel  has  been  unfortunate  in  his  commentators  ;  with  the  exception 
of  Flom-ens,  who  repeated  and  extended  his  experiments  in  1842,  all  have 
noted  his  mistakes,  and  forgotten  that  he  was  the  man — one  not  trained  to 
medicine — who  discovered  that  there  was  a  problem  of  bone  growth,   and 
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showed  the  world  how  such  a  problem  should  be  solved.  He  made  the  chance 
observation  of  an  En<»;lish  surgeon  into  a  powerful  instrument  of  research. 
He  showed  that  bone  is  stained  with  madder  only  as  it  is  being  laid  down. 
He  showed  that  a  bone  grew  in  thickness  by  circumferential  deposition  of 
plate  upon  plate  ;  that  a  long  bone  grew  in  length  at  its  extremities  ;  that 
the  deepest  layer  of  the  periosteum  was  the  maternal  tissue  of  bone. 

Our  story  now  shifts  back  to  London.  Duhamel's  researches  were 
carried  out  while  John  Hunter  was  spending  an  untrammelled  boyhood  on 
his  father's  farm  at  Long  Calderwood.  But  the  storm  which  Duhamel's 
discoveries  had  raised  was  still  in  full  blast  when  in  1748  Hunter  joined  his 
brother's  school  in  Covent  Garden  at  the  age  of  twenty.  The  great  Haller 
and  his  pupils  had  directed  a  flood  of  destructive  criticism  on  Duhamel  ; 
Haller's  name  stood  high  in  William  Hunter's  school ;  everything  he  wrote 
and  did  received  the  most  respectful  attention.  If  anyone  was  John  Hunter's 
mentor  more  than  another  it  was  Haller.  "  How  could  any  anatomist  think," 
said  Haller,  "  that  bone  is  formed  only  by  periosteum  ?  "  Why,  one  had  only 
to  look  at  the  lower  end  of  the  thigh-bone  of  a  child  at  birth  to  see  that  the 
theory  is  untrue  ;  there  one  could  see  arteries  perforate  the  epiphyseal  cartil- 
age, and  at  their  growing  ends  see  a  point  of  ossification  start  into  being — far 
removed  from  the  periosteum.  In  Haller's  opinion  arteries  were  the  depositors 
and  builders  of  bone  ;  he  believed  they  coidd  form  bone  anywhere  within  the 
limits  of  the  periosteum.  One  has  only  to  look  at  Himter's  preparations,  or 
glance  at  scattered  passages  in  his  writings,  to  see  that  it  was  Haller,  not 
Duhamel.  who  influenced  him.  He  prepared  a  series  of  specimens  to  show 
ossific  centres  forming  in  the  patella,  sternum,  and  metacarpal  bones  of 
the  calf,  and  in  young  epiphyses  of  human  bones.  These  preparations 
show  us  that  for  him  ossification  was  a  function  of  arteries  ;  ossification,  he 
observed,  always  broke  out  at  the  terminal  meshwork  of  an  ingrowing  leash 
of  blood-xessels.  Haller  had  repeated  Duhamel's  madder-feeding  experi- 
ments, and  again  studied  the  repair  of  fractm-es,  and  concluded  that  the 
periosteimi  took  no  essential  part  in  the  formation  of  the  repairing  callus — - 
the  callus  was  formed  by  the  broken  bone  ;  nor  did  the  periosteum  take  any 
part  in  the  formation  and  growth  of  bone.  In  Haller's  opinion  the  periosteum 
was,  as  all  surgeons  then  believed,  merely  a  vascular  covering  to  serve  for  the 
nourishment  of  bone.  Thus,  with  the  appearance  of  Haller  and  Duhamel 
we  have  two  schools  brought  into  existence — one  which  regards  periosteum 
as  osteogenetic,  the  true  source  of  bone,  and  another  which  regards  it  as 
devoid  of  any  bone-forming  power  whatsoever.  After  a  century  and  a  half 
of  inquiry  and  discussion  we  still  have  these  two  schools. 

To  which  of  the  two  Hunter  belonged  there  is  no  shadow  of  doubt. 
For  him  the  normal  periosteum  had  no  bone-producing  power  ;  it  was  the 
passive  vascular  membrane  which  surrounded  and  nourished  bone.  Yet 
he  had  seen  the  periosteum  take  on  an  'ossific  disposition'  time  after  time 
under  the  most  varied  conditions  of  disease  and  experiment.  He  believed 
with  Haller — and  we  shall  see  the  pains  he  took  to  verify  his  belief — that 
arteries,  and  only  arteries,  could  form  bone,  and  if  periosteum  should,  imder 
abnormal  circumstances,  become  a  site  of  bone-formation,  then  that  was 
merely  evidence  that  its  arteries  could  assume  a  bone-building  power. 
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Hunter  was  well  aware  that  a  fragment  of  living  bone  could  be  detached 
completely  from  its  periosteum  and  yet  retain  its  "  vital  principle  "  and 
survive.  "  In  fractures,"  he  said.  "  adhesion  of  the  detached  splinters  also 
takes  place  .  .  .  and  this  takes  place  not  only 
in  those  which  are  attached  to  the  soft  parts, 
but  even  in  such  as  are  entirely  loose.  Therefore 
these  pieces  must  retain  the  living  principle, 
and  probably  only  this,  while  those  that  remain 
attached  have  probably  more.  I  have  never 
examined  a  compound  fracture  without  finding 
some  of  these  loose  pieces,  which  shows  they 
must  be  common.  Their  union  must  be  similar 
to  that  in  the  transplanting  of  teeth."*  It  is 
clear  from  the  above  statement  that  Himter 
knew  that  isolated  fragments  of  bone  could  be 
made  to  serve  as  bone  grafts.  The  specimen 
which  he  was  in  the  habit  of  showing  at  his 
lectures,  to  clinch  the  argument  that  a  large 
fragment  of  bone  might  be  detached  from  its 
periosteum  and  yet  live,  is  illustrated  in  Fig. 
684.  It  is  a  fractured  femur,  showing  a  splinter 
five  inches  in  length  which  has  been  so  com- 
pletely detached  that  its  position  is  reversed  ; 
yet  it  now  forms  a  solid  part  of  the  shaft  at 
the  point  of  union. 

We  come  now  to  trace  the  steps  which  led 
Himter  to  recognize  and  explore  one  of  the 
most  remarkable  of  all  the  jwwers  possessed 
by  living  tissues — the  power  to  absorb  and 
remove  parts  of  their  substance.  The  first  step 
occurred  in  1754,  when  he  was  in  his  twenty- 
sixth  year  and  assisting  in  the  management  of 
his  brother's  anatomical  school.  He  had  then 
commenced  his  researches  on  the  jaws  and 
teeth,  and  was  struck  by  the  fact  that  when 
a  tooth  was  extracted  its  socket  disappeared. 
Thousands  before  him  must  have  noted  the 
fact,  but  they  passed  it  by  as  self-explanatory. 
When  he  came  to  examine  the  manner  in  which 
milk  teeth  were  shed  and  permanent  teeth  came 
into  place,  he  noted  that  the  roots  of  the  teeth 

about  to  be  cast  out  were  eroded,  and  that  the  sockets  in  which  they  were 
contained  were  disappearing.  He  noted  also  that  the  last  milk  molar  lay  at 
the  root  of  the  ascending  ramus  of  the  mandible.  But,  in  the  adult  jaw,  room 
had  been  found  for  the  additional  three  permanent  molars  between  the  site 
of  the  last  milk  molar  and  the  ascending  ramus.     How  could  such  additional 


Fig.  084. — Drawing  of  the 
fractured  femur  which  Hunter 
was  in  the  habit  of  showing  to 
his  class  to  demonstrate  that  a 
large  fragment  of  bone  may  be 
detached  from  its  periosteum 
and  yet  hve  and  again  form  a 
union  with  the  shaft. 


*  Collected  Works,  vol.  i,  p.  502. 
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dental  space  be  obtained  imless  the  mandible  had  been  remodelled  during 
growth  by  a  dual  proeess  of  addition  and  abstraction.  He  was  faced  with  the 
same  problem  when  he  came  to  explain  how  the  femur  of  a  newly-born  child  is 
transformed  into  that  of  the  adult.  Mere  deposition  of  new  bone  at  the  upjier 
epiphyseal  line  only  adds  to  the  upper  surface  of  the  neck  of  the  bone.  As 
the  femur  grows,  its  neck  ought  to  increase  rapidly  in  depth  and  breadth, 
unless  deposition  on  its  upper  surface  is  accompanied  by  a  simultaneous  process 
of  absorption  along  its  lower  surface.  It  thus  became  clear  to  Hunter  that, 
from  the  infantile  to  the  adult  stage  in  the  growth  of  a  thigh-bone,  the  femoral 
neck  was  being  continuously  remodelled.  Growth  in  bone,  he  concluded, 
entailed  two  distinct  processes^ — one  of  deposition  and  one  of  absorption. 
That  was  Hunter's  discovery.     There  was  no  need  to  suppose,  as  Duhamel 

had  done,  that  the  shaft  of  a  bone  actually  expanded 
as  it  grew  ;  the  medullary  cavity  enlarged  because,  as 
new  bone  was  deposited  on  the  surface  of  the  shaft, 
old  bone  was  removed  from  its  interior  by  absorption. 


Fig.  686. — Copy  of  Hmiter's  drawing  to  show  the  manner  in  which  growth  takes  place  in 
the  mandible.  The  drawings  represent  two  views  of  the  right  half  of  the  mandible  of  a  pig, 
which  was  fed  on  a  madder  diet  for  a  month  and  then  for  a  month  on  normal  diet.  The 
outline  of  the  ramus  at  the  end  of  the  madder  period  is  shown  by  the  colour.  (Copied  by 
Mr.  S.   A.  Sewell.) 


Soon  after  Hunter  commenced  his  experimental  farm  at  Earls  Court,  in 
1764,  he  resorted  to  Duhamel's  method  to  test  the  proof  of  this  theory  of 
bone  growth.  He  fed  two  young  pigs  on  a  madder  diet  for  a  month  ;  he 
killed  one  at  the  end  of  the  month  ;  the  other  he  kept  for  an  additional  month 
on  ordinary  food  before  killing  it.  Twenty  preparations  from  these  two 
animals  are  still  preserved  in  the  R.C.S.  Museum,  but  the  colour  has  gone. 
Fortunately,  there  are  preserved  accurate  '  coloured  '  life-size  drawings  of  the 
jaw  and  femur  of  the  second  pig — killed  a  month  after  the  madder  diet  had 
ceased  (Fig.  685).  Hunter  found  these  two  bones  to  answer  his  expectations  in 
the  most  exact  manner.  What  had  been  the  condyle  and  posterior  border  of 
the  mandible  during  the  madder  period  were  now  included  in  the  substance 
of  the  ramus — buried  by  the  new  condyle  and  new  posterior  border  which 
had  been  added  in  the  non-madder  period.     From  the  anterior  border  of  the 
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ramus  the  madder-stained  bone  was  almost  completely  removed  by  absorp- 
tion. He  found  that  the  thigh-bone  {Fig.  686)  told  the  same  story  ;  what  had 
been  the  upper  surface  of  the  femoral  neck  during  the  madder  period  was 
now  surmounted  by  new  bone,  but  on  the  lower  aspect  of  the  neck  there  was 
no  new  deposit,  but  a  clear  indication  of  absorption.  As  the  result  of  his 
madder-feeding  experiments,  he  concluded  that  living  bone  "  is  constantly 
changing  its  matter,"  and  that  absorption 
is  as  essential  a  part  of  bone  growth  as 
deposition. 

The  recognition  that  absorption  is  an 
essential  factor  in  the  process  of  bone 
gro^^'th  brought  Hunter  face  to  face  with 
another  problem  during  the  youthful  years 
which  he  spent  in  his  brother's  dissecting- 
room.  Bone  was  laid  down  by  arteries, 
but  by  which  system  of  structures  was  it 
absorbed  and  carried  into  the  circulation? 
At  the  jx?riod  he  was  making  his  first 
investigations  on  the  teeth — from  1754  to 
1758 — his  brother  William  was  proclaiming 
as  a  new  discovery  the  absorbent  function 
of  lymphatic  vessels  ;  lymph-vessels  were, 
he  said,  of  the  same  order  as  lacteals  ; 
therefore  they  had  the  power  of  absorp- 
tion. In  1758  we  find  John  Himter 
instituting  experiments  to  ascertain  if 
veins  had  the  power  of  absorption,  and 
apparently  satisfied  when  he  thought  he 
had  proved  that  they  had  no  such  ix)wer. 
There  remained  only  one  system  of  struc- 
tures which  could  remove  substances  from 
the  tissues — the  absorbents.  "  If  any  solid 
part   of   the    body   undergoes   diminution, 

brought   on  in  consequence  of  disease,  it  is  the  absorbent  system  that  has 
done  it ;   thej^  are  the  thieves  !  " 

After  having  settled  to  his  satisfaction  that  lymphatic  vessels  were  the 
agents  by  which  bone  was  absorbed  and  modelled,  a  much  more  difficult 
problem  presented  itself — one  which  shows  us  how  deeply  Hunter  sought  to 
pry  into  Nature's  secrets.  He  saw  that  the  living  bone  of  empty  tooth- 
sockets  was  removed.  He  was  certain  that  lymphatic  vessels  were  the  agents 
by  which  its  removal  was  effected.  But  what  circumstance  set  the  lymphatic 
vessels  to  work  on  the  walls  of  the  empty  tooth-socket  ?  Why  should  the 
Hving  bone  of  that  socket  submit  ?  In  answering  these  questions,  Hunter 
seems  to  offer  us  a  stone  rather  than  bread.  "  The  remote  cause  of  absorption 
of  whole  and  living  parts  implies  the  existence  of  two  conditions,  the  first  of 
which  is  a  consciousness,  in  the  part  to  be  absorbed,  of  the  unfitness  or 
impossibiUty  of  remaining  under  such  circumstances,  whatever  they  may  be, 
and  therefore  they  become  ready  for  removal,  and  submit  to  it  AWth  ease. 


Fig.  686. — Two  views  of  the  right 
femur  of  the  same  animal  as  that  from 
which  Fig.  685  was  taken.  The  position 
of  the  epiphyseal  ends  at  the  termina- 
tion of  the  madder  period  is  shown. 
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The  second  is  a  consciousness  of  the  absorbents  of  such  a  state  in  the  parts. 
Both  these  concurring  they  have  nothing  to  do  but  to  fall  to  work."* 

To  any  one  whose  imagination  has  not  spanned  the  wide  gulf  which 
separates  the  simple  hydra— Hunter's  'polypus' — -from  the  highly  organized 
tissues  of  the  himian  body,  Hunter's  solution  of  the  problem  of  absorption 
will  sound  like  one  culled  from  the  land  of  dreams  or  of  metaphysics.  But 
to  one  who  has  spanned  that  gulf,  as  Hunter  had  done,  and  recognizes  that 
every  living  particle  of  the  human  body  retains  something  of  that  quality 
of  the  hydra  which  we  name  consciousness,  it  will  be  realized  that  Hunter's 
answer  is  a  real  and  true  one.  In  another  paper  we  shall  have  to  examine  a 
law  which  is  applied  to  explain  the  manner  in  which  bones  shape  themselves 
— Wolff's  law — and  we  shall  find  that  vuiless  the  bone-forming  and  bone- 
absorbing  cells  possess  just  such  a  property  as  Hunter  ascribed  to  arteries 
and  absorbents,  then  such  a  law  is  without  foundation  ;  yet  that  law  is  well 
founded.  No  one  has  given  a  more  vivid  or  a  more  accurate  description  of 
the  manner  in  which  a  living  bone  casts  off  a  dead  piece  than  Hunter.  Indeed, 
it  was  his  study  of  necrosis  and  exfoliation  that  assisted  him  to  realize  how 
imix)rtant  an  operation  absorption  was  in  the  life  of  bones.  I  allude  to  this 
part  of  his  investigations  because  we  again  find  him  ascribing  a  consciousness, 
not  this  time  to  the  living  bone,  but  to  Nature.  "  Thus,  while  Nature  is 
busied  in  getting  rid  of  that  part  of  the  bone  which  is  dead,  she  is  laying  on 
additional  bone  on  the  outside,  the  intention  of  which  seems  to  be  that  of 
keeping  up  the  strength  of  the  bone,  which  would,  without  this  addition,  be 
lessened  by  the  loss  of  substance.  This  opinion  is,  I  think,  supported  by 
the  circumstance  seldom  occurring  in  this  manner  in  any  bones  but  those  of 
the  lower  extremity,  which  support  the  animal."  [  We  have  here  formulated 
for  us  one  of  the  chief  observations  on  which  Wolff's  law  is  based. 

We  need  not  review  Hunter's  investigations  of  the  processes  involved 
in  the  healing  of  fractures,  further  than  to  ascertain  how  nearly  his  observa- 
tions agree  with  those  of  Duhamel.  Hunter  regarded  the  vascularization  of 
the  blood-clot  effused  between  the  broken  ends  as  the  first  important  stage 
in  the  formation  of  the  repairing  callus.  He  saw  that  the  vessels  of  the  callus 
may  be  derived  from  the  periosteum,  from  surrounding  torn  membranous 
or  muscular  tissue,  or  from  the  broken  ends  of  the  bone.  The  deposition 
of  bone,  he  observed,  usually  commenced  at  the  broken  ends,  but  separate 
deposits  might  also  occur  in  the  callus.  He  thus  differed  altogether  from 
Duhamel,  Avho  regarded  the  imiting  callus  as  a  product  of  the  periosteum. 

Hunter  repeated  Duhamel's  experiments  to  prove  that  a  bone  could  grow 
in  length  only  at  its  extremities.  He  inserted  two  pellets  in  the  tibia  of  a 
young  pig  ;  when  the  tibia  was  fully  grown  the  pellets  remained  exactly  the 
same  distance  apart.  Fig.  687  shows  the  shank  bones — tarso-metatarsus — 
of  fowls  on  which  he  performed  similar  experiments.  One  of  the  specimens 
is  laid  open,  and  reveals  two  leaden  pellets  in  the  medullary  cavity — the 
distance  ajjart  being  exactly  the  same  as  when  implanted  at  an  early  stage 
in  the  growth  of  the  bird.  The  other  shows  two  canals  leading  into  the 
medullary   cavity.     Bristles   inserted   into  these   canals   show  that   both  are 


*  Collected  Works,  vol.  i,  p.  256.       \  Ibid.  p.  574, 
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inclined  towards  the  upper  or  proximal  end  of  the  bone  where  is  situated 
the  main  epiphyseal  line  of  growth.  Now,  when  Hunter  made  the  holes,  the 
bone  was  71  mm.  long  and  the  distance  between  the  holes  42  mm.  ;  when  the 
fowl  was  killed,  the  bone  was  91  mm,  long  and  the  distance  between  the  holes 
48  mm.  At  first  sight  it  looks  as  if  Hunter  had  proved  that  there  had  been 
an  interstitial  elongation  of  the  shaft,  for  the  two  holes  have  separated  6  nmi. 
in  the  course  of  growth.  Hunter  has  left  no  interpretation ;  but  I  suspect  he 
had  fathomed  the  matter,  and  realized  that  he  had  discovered  the  cause  of 
the  obliquity  of  the  nutrient  canals  of  long  bones.  The  periosteum  is  firmly 
fixed  to  the  epiphyseal  line  at  the  upper  end  of  the  tarso-metatarsal  shaft 
where  all  gro\vth  in  length  takes  place.  That  growth  causes  a  drag  on  the 
periosteum — a  drag  which  decreases  in  degree  as  the  distal  end  of  the  bone  is 


Flo.  087. —  Two  drawings  of 
Hunterian  specimens — both  of  them 
tarso-metatarsid  bones  of  fowls  on 
which  Hunter  experimented. 

Tlie  upper  bone  is  laid  open.  The 
pellet.s  which  were  in.serted  in  canals  of 
the  shaft  at  an  early  .stage  of  growth 
are  now  in  the  medulla,  but  at  the  same 
distance  apart. 

In  the  lower  .specimen >  two  pins  are 
inserted  in  two  canals,  to  show  that 
their  direction  is  oblique.  Himter  made 
two  fine  holes  by  a  cauterj-  in  the  shaft 
during  the  chick  stage.  He  found  the 
holes  had  become  oblique  canals,  and 
that  their  external  mouth.s  had  .separ- 
ated several  millimetres  in  the  course 
of  growth. 


approached.  Hence  the  cauterized  holes  in  the  periosteum  arc  dragged,  during 
the  gro\N'th  of  the  shaft,  an  unequal  degree  towards  the  upper  or  growing  end  of 
the  bone,  and  thus  become  separated  to  an  increased  extent.  Sixty  years  after 
Hunter's  death.  Sir  George  Humphry  explained  the  oblique  course  of  nutrient 
canals  of  long  bones  in  the  exact  manner  shown  by  Hunters  experiment. 

The  R.  C.  S.  Museum  contains  a  series  of  specimens  which  represent  one 
of  Hunter's  most  profitable  and  illuminating  studies  of  bone  growth.  The 
specimens  show  wonderfully  injected  sections  and  preparations  of  the  antlers 
of  the  fallow  deer  at  all  stages  of  growth— in  their  summer  velvet  covering, 
in  their  late  autumn  condition,  and  in  the  state  reached  in  the  early 
spring  before  they  are  shed.  He  realized  that  Nature  has  never  given  more 
\'ivid  demonstrations  of  bone  growth,  never  pro\-ided  such  wealth  of  oppor- 
tunities for  discovering  the  secrets  of  necrosis,  as  in  the  la\'ish  annual 
expenditure  she  makes  in  providing  deer  with  antlers.  No  one  looking  at 
the  rich  carpet  of  arteries  which  clothes  the  surface  of  the  rapidly  growing 
bone  would  fail  to  conclude,  as  Hunter  did,  that  arteries  are  the  principal 
agents  in  bone  formation.  We  shall  see  how  far  the  introduction  of  the 
microscope .  changed  our  ix)int  of  view  sixty  years  after  Hunters  death. 
Meantime  we  note  that  those  two  men  of  the  eighteenth  century— Duhamel 
and  Hunter^laid  the  basis  of  our  knowledge  as  regards  the  physiologj-  of 
bone  ;  and  of  the  two.  Hunter  laid  the  firmest  and  deepest  part  of  that 
foundation. 
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SHORl^    NOTES     OF 
RARE     OR     OBSCURE     CASES. 


TWO  CASES  OF  STRANGULATED  RETROPERITONEAL  HERNIA 
INTO  POUCHES  IN  THE  BROAD  LIGAMENT. 

By  C.  H.  FAGGE,  London. 

I  HAVE  failed  to  find  other  examples  of  this  lesion,  either  from  a  search  of 
available  literature  or  from  the  experience  of  friends,  though  it  is  not  to  be 
expected  that  similar  cases  have  not  been  observed.  In  both  instances  I  was 
able  to  convince  myself  that  the  bowel  was  contained  in  a  peritoneal  fossa,  and 
had  not  been  forced  into  connective  tissues  through  a  rent  in  the  posterior 
peritoneal  surface  of  the  broad  ligament.  In  the  first  case  the  pouch  was 
below  the  ovarian  ligament,  and  I  cannot  find  any  description  of  any  pouch 
in  this  position ;  in  the  second  the  pouch  was  above  the  ovary  and  below  the 
tube,  where,  I  gather,  a  definite  fossa  is  recognized  by  gynaecologists,  though 
not,  as  far  as  I  know,  described  by  anatomists. 

Case  1. — Mrs.  Y.,  age  61,  the  mother  of  five  children,  was  seized  with 
sudden  abdominal  pain  on  Dec.  9,  1916,  while  straining  at  stool  immediately 
after  breakfast.  The  only  history  of  any  accident  was  a  fall  downstairs  in  1902. 
Beyond  hjcmatemesis  in  1905,  there  was  no  history  of  any  abdominal  trouble. 
The  pain  was  referred  to  the  left  iliac  region,  and  she  vomited  several  times  ; 
during  the  day  she  passed  two  normal  motions.  On  a  second  visit,  about 
4.0  p.m.,  as  pain  continued  to  be  acute.  Dr.  Stilwell  decided  that  it  was  an 
abdominal  emergency,  and  admitted  her  to  the  Beckenham  Cottage  Hospital 
after  injecting  a  quarter  of  a  grain  of  morphia. 

I  saw  her  at  7.0  p.m.,  when  the  pain,  which  had  been  relieved  by  the 
morphia,  was  beginning  to  return  ;  her  pulse  was  108  ;  nothing  was  to  be 
made  out  on  abdominal  examination,  except  marked  tenderness  low  down 
in  the  left  iliac  region  ;  the  tongue  was  clean ;  but  her  aspect  was  anxious, 
and  in  view  of  the  history  of  agonizing  pain,  immediate  operation  was  decided 
upon.  No  exact  diagnosis  was  attempted  before  operation  ;  the  conditions 
which  were  considered  as  most  likely  were  torsion  of  an  ovarian  cyst,  strangu- 
lated obturator  hernia,  or  mesenteric  thrombosis. 

When  under  the  anaesthetic,  vaginal  examination  detected  a  fullness 
of  the  left  posterior  fornix,  and  rectal  examination  confirmed  the  presence 
of  a  mass  in  Douglas's  pouch.  A  left  paramedian  sub-umbilical  incision 
exposed  collapsed  small  intestine,  and  lower  down  and  to  the  right  was 
a  coil  of  ileum  which  was  distended  and  purple  ;    it  could  not  be  drawn  out. 
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and  was  evidently  held  down  in  the  pelvis.  This  and  another  collapsed  coil 
were  traced  down  to  the  left  side  of  the  pelvis,  where  they  were  caught  and 
he  d  tensely  as  they  passed  through  a  small  hole  in  the  peritoneum  ;  they  were 
obviously  the  afferent  and  efferent  coils  of  the  strangidated  loop,  which  could 
be  seen  and  felt  under  a  layer  of  peritoneum,  filling  up  the  left  half  of  the 
pelvis.  It  was  at  first  thought  that  this  orifice  was  the  entrance  to  the 
inter-sigmoid  fossa,  but  to  the  left  the  peritoneum  passed  over  the  pelvic 
brim,  and  below  its  margin  was  continuous  with  a  tense  layer  of  peritoneum 
passing  on  to  the  side  of  the  uterus.  The  margin  of  this  opening  was  now 
divided  with  scissors,  allowing  the  distended  purple  loop  of  ileum  to  be  with- 
drawn, when  it  was  found  that  this  loop  had  passed  from  behind  forwards 
into  the  broad  ligament,  and,  filling  up  Douglas's  pouch,  had  formed  the  mass 
which  was  palpable  through  the  rectiuu  and  vagina. 

The  strangulated  coil  was  covered  with  hot  cloths  while  the  opening  in 
the  broad  ligament — just  below  and  median  to  the  ovarian  ligament — was 
closed  with  a  continuous  catgut  suture.  The  loop  actually  strangulated  was 
about  ten  inches  long,  and  above  this  about  two  feet  or  more  of  ileum  were 
distended  and  injected.  The  whole  was  of  good  tone  and  had  a  shiny  perito- 
neal surface ;  therefore,  as  it  had  only  been  strangulated  some  eleven  hours, 
it  was  judged  to  be  viable  and  returned  to  the  abdomen,  which  was  closed, 
with  a  large  rubber  drain  passed  down  into  Douglas's  poiich.  Subcutaneous 
saline  had  been  given  throughout  the  operation,  and  rectal  saline  was  given 
during  the  following  night. 

The  next  morning  there  was  considerable  abdominal  pain,  with  disten- 
tion of  the  lower  abdomen  ;  there  was  no  sickness,  but  much  offensive 
gas  was  eructated.  Water  by  the  mouth  and  pituitrin  were  given  ;  she  had 
some  sleep  after  a  morphia  injection  ;  saline  was  given  per  rectum,  and  on 
Dec.  11  she  had  ^V  gr^  of  eserine,  after  which  a  good  deal  of  fluid  deeply 
coloured  with  blood  was  passed  per  rectum.  Eructation  now  ceased,  and 
several  loose  motions  were  passed  dxiring  the  next  two  days.  Recovery  was 
only  prejudiced  by  a  mild  bronchopneumonia  on  the  sixth  day. 

In  February,  1917,  she  had  another  attack  of  severe  left-sided  abdominal 
pain,  and  this  recurred  in  March  ;  she  was  admitted  to  Guy's  Hospital,  where 
an  a-ray  examination  after  a  bismuth  meal  gave  no  definite  evidence.  On 
March  12  the  abdomen  was  again  opened,  and  extensive  adhesions  between 
the  scar  and  the  lower  ileum  were  freed  ;  the  hole  in  the  left  broad  ligament 
was  still  closed.  In  January,  1918,  Dr.  StilwcU  reported  that  the  patient 
remained  well. 

Case  2. — Miss  P.,  age  49,  was  seized  with  abdominal  pain  at  2.0  a.m. 
on  Nov.  30,  1917  ;  she  vomited  at  intervals,  and  her  bowels  acted  twice. 
Dr.  Mowll  saw  her  on  the  morning  of  Dec.  1,  when  she  did  not  appear  acutely 
ill ;  her  pulse-rate  and  temperature  were  normal ;  she  continued  to  vomit 
occasionally,  and  the  pain  was  not  severe.  On  the  next  day  she  was  not  so 
well,  and  fajnted.  On  Dec.  3  she  still  vomited  occasionally,  and  the  pain, 
located  to  the  middle  of  the  abdomen,  was  severe  ;  there  was  now  slight 
rigidity  and  tenderness  over  the  right  rectus  slightly  internal  to  McBurney's 
point.      Dr.  Mowll    diagnosed    appendicitis,    and    admitted    her    to    Surbiton 
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Cottage  Hospital,  where  an  enema  was  given  with  no  result  ;  her  pnlse  was 
then  86,  and  her  temperature  slightly  raised. 

When  I  saw  her,  at  7.0  p.m.  on  Dec.  3,  her  piilse-ratc  had  risen  to  100  ; 
the  physical  signs  were  unaltered  since  the  morning,  and  did  not  suggest  a 
grave  abdominal  condition.  The  history  of  the  attack  and  the  location  of 
the  pain  to  the  right  iliac  fossa  naturally  led  Dr.  Mowll  to  the  diagnosis  of 
acute  appendicitis,  with  which  I  candidly  agreed ;  the  point  of  chief  tenderness 
was  perhaps  more  than  usually  median,  but  this  might  have  been  occasioned 
by  an  inflamed  appendix  hanging  over  the  pelvic  brim. 

A  free  right  paramedian  incision  exposed  a  healthy  appendix  ;  the  small 
intestine  was  slightly  distended,  and  there  was  an  abnormal  amount  of 
clear  fluid  in  the. peritoneal  cavity  ;  on  passing  the  hand  into  the  right  side 
of  the  pelvis,  a  coil  of  the  lower  ileum  was  found  to  be  fixed  to  the  back  of 
the  right  broad  ligament.  Further  exposure,  with  traction,  showed  a  blue 
cyst-like  body  in  the  substance  of  the  ligament  to  the  back  of  which  the  loop 
of  ileum  led.  After  the  experience  of  the  first  case,  I  recognized  the  condition 
present,  and,  defining  the  upper  crescentic  margin  of  the  orifice,  I  cut  it  with 
scissors,  releasing  about  two  inches  of  ileum,  congested  but  shiny,  and  with 
ana'mic  rings  at  the  two  ends  where  constriction  had  been  caused  by  the 
margin  of  the  ring ;  it  had  just  the  usual  appearance  of  a  similar  coil 
released  from  a  strangulated  femoral  hernia.  I  could  now  demonstrate  that 
the  pouch  into  which  it  had  passed  was  above  the  ovary  and  its  ligament ; 
and,  as  by  the  division  of  its  neck  it  had  been  converted  from  a  saccu'ar  pouch 
into  a  shallow  fossa  incapable  of  encouraging  a  similar  retroperitoneal  hernia, 
I  did  not  think  its  obliteration  by  suture  necessary.  The  abdomen  was 
closed  without  drainage. 

The  patient  made  an  uninterrupted  recovery,  and  left  the  hospital  on  the 
sixteenth  day.     She  has  remained  well  since. 
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Troubles  liOcomoteurs  consecutifs   aux  Plaies  de   Guerre.     By    Aug.   Broca.      Small 
8vo.   Pp.    155.     1918.     Paris  t   Masson   et  Cie.     4  fr.   net. 

Professor  Broca  deals  with  his  subject  from  the  pathological  aspect,  basing  the 
proper  treatment  of  ankylosed  and  stiff  joints  upon  the  appreciation  of  the  exact 
anatomical  or  pathological  obstruction  to  movement.  He  also  defines  ankylosis  as 
the  stiffness  which  results  after  the  original  injur\'  or  inflammation  has  subsided, 
pointing  out  that  too  often  the  stiffness  is  treated  at  a  stage  when  the  treatment 
ought  really  to  be  directed  to  the  cure  of  the  inflammation.  Not  seldom  these  two 
points  are  forgotten  by  the  enthusiastic  surgeon  or  by  his  masseur :  by  the  former 
because  he  does  not  think  in  terms  of  pathologv' ;  by  the  latter  because  he  is  ignorant 
and  has  not  received  adequate  instruction  from  the  surgeon.  If  Professor  Broca's 
book  is  read  sufficiently  widely  to  correct  these  faults,  he  will  have  done  good  work. 
In  the  main  the  advice  and  opinions  expressed  will  be  found  to  be  in  agreement 
with  those  of  the  best  known  English  orthopaedic  surgeons.  For  example,  the  chosen 
positions  for  fixation  of  the  various  joints  are  similar  to  those  adopted  in  this  country, 
and  the  principles  of  the  use  of  mobilization  will  find  general  acceptance  ;  so  also 
will  the  author's  general  condemnation  of  the  wide  early  excisions  so  often  done  in 
war  surgery,  which  leave  flail  joints  with  such  a  poor  functional  result.  Perhaps,  how- 
ever, Broca  esteems  a  little  too  lightly  the  results  attained  by  operative  measures 
such  as  arthroplasty  and  tendon  transplantation,  which  have  found  considerable 
favour  in  this  countn,'.  The  book  can  certainly  be  recommended  to  all  who  have 
to  deal  with  the  late  results  of  war  wounds,  and  who  have  to  solve  the  problem  of 
making  good  the  functional  utilitv  of  the  damaged  limb. 


The  Collected  Papers  of  the  Mayo  Clinic.     Vol.  VIII,  1916.     Ekiited  by  Mrs.  Mellish. 

Large    8vo.    Pp.    1014,    with    411    illustrations.       1917.      London    and    Philadelphia  : 

W.  B.  Saunders  Co.  J^6.50  net. 
An  endeavour  to  discover  in  this  volume  any  new  line  of  thought  or  any  departure 
from  the  beaten  track  which  might  distinguish  it  from  its  predecessors,  led  to  a 
momentary'  joy  upon  the  discover^'  of  a  short  article  by  Beckman  on  spinai-cord 
tumours,  of  which  he  reports  eighteen  cases.  This  sensation  was  speedily  destroyed 
by  the  discovery  of  an  obituary  notice  of  its  author,  which  pays  just  tribute  to  his 
sound  decision  in  difficulty  and  to  his  capacity  for  work.  Several  years  ago  we  had 
an  opportunity  of  watching  Dr.  Beckman  when  in  charge  of  the  4th  Surgical  Theatre 
at  Rochester,  and  were  much  struck  by  the  delicacy  and  precision  of  his  technique 
in  deep  dissections  of  the  neck,  and  also  by  the  scientific  bent  of  his  mind.  His 
death,  the  result  of  an  acute  infection  acting  on  a  delicate  physique  already  damaged 
by  much  physical  and  nervous  wear  and  tear  at  high  speed,  will  be  a  great  loss  to 
the  personnel  of  the  Clinic. 

The  m?in  value  of  this  publication  rests  upon  its  statistical  worth  as  a  record 
of  a  vast  number  of  cases  of  certain  ailments,  excellently  observed  under  scientific 
conditions,  and  most  ably  treated  ;  dealing  ^^^th  such  large  numbers,  the  common 
errors  of  statistics  are  correspondingly  diminished  ;  moreover,  the  reports  emanate 
from  men  who,  working  together,  become  so  experienced  that  the  personal  factor  is 
less  likely  to  lead  to  false  opinions  and  deductions.  Thus,  in  comparing  the  relative 
mortalities  of  cholecystectomy  and  cholecystostomy,  Dr.  Charles  Mayo  has  avail- 
able 2493  examples  of  the  former  and  2854  of  the  latter  operation,  performed  by 
the  staff  of  the  Clinic  within  nine  years. 

There  are  again  in  this,  as  in  former  volumes,  numerous  papers  upon  ulceration 
of  the  stomach  and  duodenum,  upon  disease  of  the  gall-bladder,  and  upon  goitre, 
none  of  which  show  appreciable  advance  upon  similar  papers  in  former  volumes. 

49  a 
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Drs.  William  and  Charles  Mayo  contribute  two  very  similar  papers  upon  the 
treatment  of  cancer  of  the  rectum,  for  which  430  patients  have  been  treated  by 
radical  operations  ;  opinion  is  evidently  now  inclining  towards  the  abdomino- 
perineal operation  in  suitable  cases  ;  and  its  division  into  two  or  three  stages  is 
advocated. 

Dr.  Samuel  Robinson,  in  a  long  paper,  deals  very  thoroughly  with  the  surgery 
of  bronchiectasis  ;  the  pathological  conditions  found  in  this  disease  are  considered 
in  detail,  and,  having  reviewed  the  different  lines  of  medical  treatment  unfavour- 
ably, the  author  advocates  some  type  of  radical  operation  ;  this  is  divided  into 
two  or  three  stages. 

Dr.  Henderson's  article  upon  derangements  of  the  knee-joint  is  largely  a  risum^ 
of  the  writings  of  English  surgeons  ;  these  injuries  must  be  relatively  rare  in  the 
States,  and  surgeons  there  obviously  do  not  enjoy  the  clinical  experience  on  which 
Rutherford  Morison  and  Martin  of  Newcastle  have  founded  their  well-known 
writings  ;  there  is  no  reference .  to  the  type  of  injury  which  Morison  designated 
"  bucket-handle  fracture, '  and  the  author  does  not  seem  to  have  appreciated  the 
fact,  which  appears  to  us  fundamental,  that  the  disability  is  always  due  to  a  fracture 
and  not  to  a  complete  displacement  of  one  of  the  menisci. 

We  have  drawn  attention  before,  to  the  drawings  which  always  adorn  these 
volumes  ;  those  in  this  number  are  no  less  beautiful  and  no  less  well  chosen  than 
others  which  have  appeared  in  previous  years,  and  their  reproduction  results  in  a 
work  of  art  for  which  both  the  artist  and  publisher  deserve  the  reader's  thanks. 


Decouverte  des  Vaisseaux  Profonds  par  des  Voles  d'Acces  Larges  (Exposure  of  the 
Deep  Vessels  by  Free  Incisions).  By  J.  Fiolle  and  J.  Delmas.  1918.  Paris:  Masson 
&  Cie.     5  fr. 

M.  Pierre  Duvai.  writes  a  short  preface  in  which  the  aim  of  the  authors  is  outlined. 
The  volume  itself,  of  some  120  pages,  has  at  first  sight  somewhat  the  appearance  of 
a  guide  to  methods  in  use  in  an  operative  surgery  class  ;  yet  it  is  really  based  on 
personal  practicpl  experience  on  the  French  front.  The  authors  have  discovered, 
or  at  least  put  on  paper,  a  fact  of  practical  value  with  which  any  surgeon  with 
experience  at  a  casualty  clearing  station  will  agree — viz.,  that  under  the  conditions 
of  injury  which  exist,  a  very  free  incision  is  required  for  the  adequate  exposure  and 
determination  of  extent  of  injury  of  the  deep  vessels.  When  we  have  given  them 
credit  for  this  point,  there  is  very  little  else  in  this  volume  to  recommend  it,  save  the 
obviously  practical  and  careful  methods  advocated.  The  median  calf  incision  for 
exposure  of  the  posterior  tibial  vessels  and  nerve — perhaps  the  most  troublesome 
of  any  in  actual  casualty-clearing-station  practice — is  now  widely  used  in  the  British 
Imperial  clearing  stations  ;  the  description  of  this  operation  is  admirable,  and  will 
well  repay  reading  by  those  who  anticipate  work  of  this  kind.  Another  sound 
chapter  is  that  which  deals  with  the  method  of  access  to  the  large  vessels  at  the  base 
of  the  neck,  though  the  possibility  of  injury  to  the  thoracic  duct  has  evidently  not 
struck  the  authors,  for  no  mention  is  made  of  this  structure  beyond  the  remark  that 
it  is  exposed  in  the  field  of  operation  on  the  left  side.  There  is  no  clear  reason  why 
no  chapters  are  devoted  to  the  deep  femoral,  or  to  any  of  the  iliac  vessels,  unless  it 
be  that  the  methods  in  common  use  are  regarded  by  the  authors  as  adequate  ;  this 
is  certainly  not  the  case  with  the  deep  femoral  vessels,  and  the  reviewer  would  have 
thought  that  no  vessel  in  the  body  would  better  repay  the  writing  of  a  chapter — 
comprising  both  theoretical  investigation  on  the  cadaver  and  practical  experience 
on  the  living — on  the  best  method  of  access  to  this  vessel ;  for  anyone  who  has 
had  to  deal  with  wounds  which  may  have  involved  this  vessel  or  its  branches  will 
agree  that  they  set  no  mean  problem  to  the  surgeon. 

The  great  defect  in  practical  teaching  and  disadvantage  in  actual  practice, 
which  this  volume  cannot  eliminate,  concerns  the  fact  that  the  surgeon  in  dealing  with 
the  wounds  of  war  cannot  in  most  cases  choose  his  incision  for  himself ;  its  line  is 
fixed  by  the  wounds  of  entry  and  exit,  and  by  the  track  of  the  projectile  ;  these  must 
be  excised,  and  only  in  exceptional  cases  will  a  fresh  incision  to  deal  with  vascular 
complications  be  justifiable. 
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Ambulance    de    "  rOcean,"    La    Panne.      Fasc.  1,  July,  1917.      Large  8vo.      Illustrated. 

Paris  :  Masson  &  Cie.  30  fr. 
Dr.  Depage  in  this,  the  first,  volume  promises  to  issue  every  six  months  a  similar 
one  giving  an  account  of  the  work  of  the  different  departments  of  his  field  hospital 
founded  near  the  end  of  1914.  Those  who  have  had  the  opportunity  of  \isiting  both 
the  excellent  main  hospital  and  the  advanced  abdominal  station  established  opposite 
Dixmude  in  June,  1916,  will  agree  that  excellent  material  should  exist  to  sustain 
the  interest  in  these  publications  during  the  War,  and  will  congratulate  the  editors 
upon  their  happy  thought  in  analyzing  their  exfierience  and  in  detailing  their 
methods  for  the  education  of  the  Medical  Ser^^ces  of  the  Allies.  A  large  portion  of 
this  volume  is  occupied  by  an  account  of  the  establishment  and  its  organization  ;  the 
remainder  is  filled  by  papers,  chiefly  clinical,  upon  the  cases  already  treated  and 
the  methods  in  vogue. 

An  abundantly  illustrated  article  by  Professor  Debaisieux  on  the  early  treat- 
ment of  wounds  gives  a  full  description  of  the  problems  which  arise  and  of  the  factors 
upon  which  the  value  of  primarj-  excision  and  Carrel's  disinfection  depends ;  this 
leads  naturally  to  a  chapter  by  Dr.  Lagasse  on  the  secondary-  suture  of  wounds,  in 
which  excellent  photographs  show  what  can  be  done  by  rigidly  adhering  to  the 
indications  afforded  by  Carrel's  bacterial  count.  Similarly  satisfactory  results  are 
available  for  the  inspection  of  all  medical  visitors  to  the  Ambulance. 

A  third  noticeable  paper  is  by  Dr.  Janssen  on  wounds  of  the  skull  and  brain  ; 
much  space  is  devoted  to  the  consideration  of  the  morbid  anatomy  of  these  wounds  ; 
the  principles  guiding  treatment  and  the  methods  adopted  do  not  differ  from  those 
in  practice  in  the  British  Medical  Ser\ice. 

We  shall  look  forward  with  interest  to  the  succeeding  volumes,  and  trust  that 
the  articles  dealing  with  the  department  for  the  manufacture  of  artificial  limbs  will 
do  justice  to  the  ingenuity  and  skill  of  those  who  have  organized  and  who  administer 
this  branch. 

Memoranda  on  Army  General  Hospital  Administration.  Bv  Various  Authors.  Edited 
by  P.  Mitchell,  .M.D.  (Aberdeen),  Lieut  .-Colonel  R..\.M.C.'(T.)  Demy  8vo.  Pp.  vi 
+  109,  with  10  illustrations.  1917.  London  :  Baillierc,  Tindall  &  Cox.  5s.  net. 
The  Army  Medical  Service  has  grown  by  slow  degrees  to  its  present  state,  and  in 
its  growth  has  acquired  by  a  process  of  accretion  many  cumbrous  methods  and 
administrative  faults,  the  result  of  a  long  peace,  a  small  army,  and  few  sick.  Civil 
hospitals  have  laboured  under  similar  defects,  but  a  wholesome  atmosphere  of  criti- 
cism, coupled  with  the  necessity  for  self-preservation  owing  to  the  fact  that  they 
were  unendowed,  have  simplified  the  methods  and  cured  many  of  the  defects.  One  of 
the  great  and  lasting  advantages  which  the  Army  Medical  Service  will  gain  from  the 
present  war  is  the  dilution  of  the  regular  ser\ice  with  ci\ilian  practitioners,  many 
of  them  with  great  administrative  experience.  These  men,  being  bred  up  in  a  freer 
atmosphere  and  approaching  their  work  untrammelled  by  ser%ice  conditions,  see 
how  the  various  problems  can  be  solved  without  necessarily  taking  the  line  of  least 
resistance.  From  the  advances  that  have  already  been  made,  it  seems  clear  that 
the  solutions  offered  are  carefully  considered  by  the  military  authorities,  and  in 
many  cases  adopted.  This  is  the  right  spirit  in  which  to  work,  and  by  so  doing  our 
Army  ^ledical  Service  will  gain  an  even  higher  position  than  it  now  holds  in  the 
estimation  of  the  public. 

Colonel  Mitchell,  the  officer  commanding  Xo.  48  General  Hospital  in  Salonica, 
writes  the  articles  in  this  volume  on  ""  The  Officers."'  "•  The  Co-ordination  of  the 
Civil  and  Military-  Medical  Demands  during  a  prolonged  War,"  "  The  Nursing 
Service,''  and  "■  Kitchens  and  Cooks."  He  commits  the  consideration  of  '"  The 
Medical  Service  "  to  Major  A.  W.  Falconer  ;  "The  Surgical  Service"  to  Major  G.  H. 
Colt  ;  "  Camp  Sanitation  "  to  Captain  Robert  Richards,  and  "  The  Quartermaster's 
Duties"  to  Lieutenant  S.  Taylor.  The  articles  written  by  Colonel  Mitchell  and  Major 
Colt  are  especially  worthy  of  consideration.  Some  of  the  suggestions  are  certain  to 
meet  with  whole-hearted  approval.  Examples  are  the  abolition  of  the  present  extra- 
ordinarily cumbrous  system  of  diet  sheets,  which  would  not  be  tolerated  for  a  moment 
in  any  civil  hospital,  and  of  the  employment  of  highly  skilled  and  trained  medical 
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officers  upon  work  which  could  be  equally  well  done  by  a  clerk.  Other  suggestions 
are  more  difficult  to  carry  out  in  actual  practice,  as  that  of  grading  and  utilizing 
medical  officers  according  to  their  aptitudes  ;  whilst  others  again  are  inadvisable, 
as  in  alternating  officers  for  short  periods  at  home  and  abroad.  Major  Colt  devotes 
a  portion  of  his  article  to  the  production  of  a  '  wall  card  '  designed  to  act  as  a  diet 
sheet,  medical  case-sheet,  temperature  chart,  and  transfer  certificate.  A  step  in 
this  direction  has  already  been  taken  by  the  War  Office,  but  Major  Colt's  card  is 
more  elaborated  than  that  at  present  in  use. 


Genito-Urinary  Surgery  and  Venereal  Diseases  (White  and  Martin).  By  Edward 
Martin,  A.M.,  M.D.,  B.  A.  Thomas,  A.M.,  M.D.,  and  S.  W.  Moorhead,  M.D.  Pp. 
929,  with  422  engravings  and  21  coloured  plates.  Tenth  edition.  Large  8vo.  1917, 
Philadelphia  and  London  :   J.  B.  Lippincott  &  Co.     30s.  net. 

A  NEW  edition  of  this  volume  is  particularly 'welcome  at  the  present  time,  when  the 
establishment  of  venereal  clinics  throughout  the  country  is  really  materializing,  and 
when  it  becomes  more  necessary  than  ever  for  the  practitioner  to  add  further  to 
his  knowledge  of  the  subject. 

All  genito-urinary  diseases — medical  and  surgical,  affecting  male  and  female, 
young  and  old — are  gone  into  fully.  The  general  scheme  is  excellent,  and  not  only 
is  treatment  given  in  detail,  but  pathology  takes  its  deservedly  prominent  place. 
A  notable  feature  is  the  sanity  of  the  views  expressed  throughout  the  book  ;  it  is 
essentially  practical,  while  the  simple  language  in  which  it  is  written  is  admirable. 
New  ground  covered,  or  old  material  revised,  includes  vaccine  and  serum  therapy  ; 
tests  for  renal  function  ;  destruction  of  vesical  new  growths  by  high-frequency 
dessication  ;  the  laboratory  diagnosis  of  syphilis  and  control  of  treatment  ;  and 
the  treatment  of  the  enlarged  prostate.  The  coloured  plates  illustrating  syphilitic 
skin  lesions,  and  the  treatment  of  the  various  venereal  diseases,  are  particularly 
good,  while  a  large  coloured  plate  is  most  helpful  to  the  better  understanding  of  the 
Wassermann  technique. 

We  cannot  agree  that  the  best  instrument  for  the  diagnosis  of  a  stricture  is 
a  bougie  or  urethrometer  ;  these  may  be  useful  in  some  cases,  but  a  diagnosis  of 
urethral  stricture  should  always  be  made  with  the  urethroscope.  Nor  can  we  agree 
with  the  method  advocated  for  the  opening  of  a  prostatic  abscess,  for  when  so  treated 
an  incurable  fistula  frequently  persists  ;  this  risk  can  only  be  avoided  by  draining 
the  abscess  into  the  prostatic  urethra,  approach  being  obtained  by  opening  the 
urethra  just  in  front  of  the  prostate  gland. 

For  the  next  edition  we  suggest  the  incorporation  of  diagrams  which  will  illus- 
trate the  anatomy  and  embryology  of  each  area  as  it  is  dealt  with  ;  these  would 
be  most  useful  to  a  busy  practitioner,  who  probably  has  only  short  periods  of  time 
at  his  disposal  for  reading.  A  few  clerical  errors  are  to  be  noticed  in  the  text, 
doubtless  due  to  war  conditions.  The  illustrations  and  plates  are  profuse,  and  a 
good  detailed  index  adds  considerably  to  the  value  of  the  volume.  This  readable 
book  is  a  leading  "work  upon  its  subject,  and  can  be  thoroughly  recommended. 


Le  Peritoine  en  ChirTirgie  de  Guerre.    Etude  Clinique.    By  M.  Stassen  and  J.  Voncken. 
8vo.     Pp.  108,  illustrated.     1917.     Paris:    Bailliere  et  Fils. 

Tins  book  is  a  record  of  clinical  and  pathological  observations  founded  on  experience 
of  abdominal  wounds  at  an  advanced  operating  centre  behind  the  Belgian  lines. 
Though  it  contains  little  that  is  new  to  those  who  have  been  called  upon  to  do 
similar  work  with  our  own  armies,  yet  it  is  a  most  admirable  exposition  of  the  present 
state  of  abdominal  surgery  under  modern  conditions  of  warfare.  To  secure  the  best 
results  in  these  cases,  transport  of  patients  must  be  reduced  to  a  minimum  by  having 
the  stations  within  a  short  distance  (two  or  three  kilometres)  of  the  line,  and  opera- 
tions must  necessarily  be  carried  out  in  surroundings  which  are  somewhat  crude, 
and  under  conditions  which  make  scientific  observation  difficult.  Nevertheless,  the 
book  is  a  striking  record  of  surgical  success  in  a  field  which  at  the  commencement 
of  the  war  was  thought  to  be  barren. 

Difficulties  of  diagnosis  dominate  the  whole  picture,  and  necessitate  the  provision 
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of  these  special  units  where  every  case  which  has  a  possible  penetrating  wound  of 
the  abdomen  may  be  sent  for  observation  by  a  specially  skilled  staff.  Formal 
diagnosis  is  rarely  i>ossible,  for  by  the  time  that  the  classic  symptoms  of  perforation 
present  themselves  the  most  favourable  moment  for  operation  has  passed. 

Penetrating  wounds  of  the  upper  third  of  the  thigh,  the  buttocks,  perineum, 
and  lower  thorax  are  all  suspicious. 

The  '  false  abdomen,'  f>enetrating  wounds  with  haemorrhage  only,  and  penetrating 
wounds  which  flood  the  abdomen  with  intestinal  contents,  may  all  present  the  same 
initial  symptoms.  Cases  of  extraperitoneal  injurj^  only — the  '  false  abdomen' — 
especially  if  accompanied  by  severe  haemorrhage,  as  from  the  kidney  or  by  damage  to 
the  osseous  pelvis,  may  give  rise  to  any  or  all  of  the  symptoms  of  peritoneal  shock  ; 
at  the  same  time,  multiple  lacerations  of  the  intestinal  wall  may  cause  so  little  local 
or  general  disturbance  that  a  false  sense  of  security  is  engendered.  Though  no  one 
symptom  can  be  considered  diagnostic  of  perforation,  it  may  be  said  that  a  general 
board-like  hardness  of  the  abdomen,  persistence  of  shock  in  spite  of  measures  taken 
to  combat  it,  a  rising  pulse,  and  bad  facies,  present  a  syndrome  which  when  present 
is  rarely  at  fault  as  pointing  to  p>erforation ;  whilst  consideration  of  the  probable 
path  of  the  missile,  radiography,  and  the  reaction  of  the  patient  under  conditions 
of  warmth  and  rest,  are  helpful — but  occasionally  misleading — aids  to  diagnosis. 

These  difficulties  in  diagnosis  have  led  the  authors  to  the  same  conclusion  as 
that  formed  by  most  surgeons,  that  is,  to  explore  when  in  doubt.  Exploratory' 
laparotomy  may  be  performed  through  a  very  small  incision,  when  the  presence  of 
blood,  gas,  or  other  foreign  matter  should  lead  to  an  enlargement  of  the  wound  and 
a  thorough  overhaul  of  the  whole  peritoneal  cavity.  On  the  other  hand,  in  some 
cases  they  prefer  a  dissection  out  of  the  track  of  the  missile,  layer  by  layer,  till  it  is 
clear  by  actual  demonstration  that  it  has  or  has  not  penetrated  the  peritoneum. 
On  the  whole  this  latter  course  does  not  appeal  to  us,  for  it  does  not  absolutely 
exclude  intraperitoneal  visceral  injun,'  by  impact  without  penetration:  we  prefer 
this  debridement  to  be  done  as  a  secondary'  operation,  after  laparotomy  has  demon- 
strated unmistakably  the  presence  or  not  of  intraperitoneal  injury.  This  criticism, 
however,  is  on  a  minor  point  of  operative  technique  in  a  book  devoted  almost  entirely 
to  clinical  and  pathological  observations,  for  which  we  have  nothing  but  praise. 


The  Sur£rical  Operations  on  President  Cleveland  in  1893.     By  VV.  W.  Keex,  M.D.,  LL.D. 

Pp.  52.  12mo.  Philadelphia:  George  W.  Jacobs  &  Co. 
This  is  an  interesting  excursion  along  a  bypath  of  medical  history',  by  a  veteran 
surgeon  who  took  a  leading  part  in  the  adventure.  Professor  Keen — -who,  doubtless 
in  consequence  of  the  war,  is  now  described  as  a  Major  in  the  Medical  Reserve  Corps, 
United  States  Army — tells  for  the  first  time  the  story  of  the  operations  performed 
upon  President  Cleveland  for  malignant  disease  of  the  superior  maxilla  in  July, 
1893.  The  United  States  was  passing  through  so  grave  a  crisis  at  the  time  that  it 
was  described  afterwards  as  "  the  most  deeply-seated  financial  storm  in  the  history 
of  the  country."  It  was  thought,  and,  as  the  event  proved,  thought  correctly,  that 
"  Mr.  Cleveland  is  about  all  that  stands  between  this  country  and  absolute  disaster, 
and  his  death  would  be  a  great  calamity."  Had  his  influence  been  removed,  even 
temporarily,  the  wrecking  party  would  have  been  in  the  majority  and  the  panic 
would  have  become  luicontrollable.  It  was  of  the  utmost  importance,  therefore, 
that  the  illness  of  the  President  and  the  performance  of  a  serious  surgical  operation 
should  be  kept  a  profound  secret.  The  ubiquity  of  the  press  and  the  restless  energy 
of  the  reporters  made  concealment  difficult,  but  Professor  Keen  describes  the  steps 
by  which  the  operation  was  accomplished  on  board  the  yacht  Oneida  whilst  she 
steamed  at  half  speed  up  the  East  River.  Dr.  Bryant,  of  New  York,  was  the  actual 
operator,  Professor  Keen  assisted,  and  Dr.  Hasbrouck,  a  dentist,  gave  the  anaes- 
thetic. The  operation  was  performed  on  July  1  :  on  July  5  the  President  walked 
ashore  ;  and  on  Aug.  5  he  opened  Congress,  without  anyone  suspecting  what  had 
occurred.     He  survived  the  operation  until  1908. 

The  story  is  admirably  told,  and  gives  a  lively  picture  of  the  means  taken  to 
outwit  the  press.     The  book  is  daintily  produced,  and  is  a  credit  to  the  publishers. 


EDITORIAL     NOTICE. 

The  shortage  and  inereased  price  of  paper  make  it  necessary  to 
effect  some  economy  in  the  issue  of  the  next  volume.  So  far  as  can 
now  be  seen,  this  will  not  involve  raising  the  price  or  curtailing  the 
matter  ;  but  will  be  brought  about  by  using  a  slightly  smaller  type 
and  setting  it  closer,  and  by  giving  smaller  margins.  In  this  way 
each  number,  whilst  consisting  of  about  150  pages  as  compared  with 
200  in  former  volumes,  will  represent  the  same  amount  of  material, 
both  letterpress  and  illustrations. 
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